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RATTLESNAKES 


CAN'T HEAR their own rattles 


So they say. We don’t know much about 
snakes but we know that it is possible for 
engineers to get so used to the drums and 
ymbals of their own machinery that they no 
longer notice them. Sometimes they let the 
noise and vibration continue—until they get 
trouble with breakages, or tired machine op- 
erators, or dissatisfied customers. Eventually— 
not always at the beginning—we may get called 
in, Then we go about things in our own way, 
without guesswork or hunches, because we 
measure and analyse the vibrations with fine 
and accurate equipment, much of which has 








The illustration shows 
the Metalastik F.S. 
ype mounting, giving effective 
vibration and sound insulation, 
with additional definite location. 
The Metalastik rubber-to-metal 
weld gives an extraordinary high 
‘ficiency to these designs. 


been developed in our own laboratories, and 
can generally write and ‘dispense’ an accurate 
prescription at once. Because, you must under- 
stand, we are able to design vibration—absorb- 
ing mountings which are definitely suitable for 
the frequencies. and amplitudes we have identi- 
fied, and we have at our disposal a perfect 
manufacturing technique with which we can 
carry those designs into practical effect. The 
result is that we are practically always able to 
cure the troubles brought to us. Whatever the 
character of the vibration that troubles you, our 
wholehearted collaboration is at your service. 
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HE introduction of a novel engineering process 

based upon a physical phenomenon not pre- 
jously utilized, or even investigated, is a rare 
occurrence. In fact, it is safe to say that the 
overwhelming majority of novel processes intro- 
duced in recent years has been the outcome of 
long and patient research and development 
which may often have suffered many initial 
failures. As a result, the surprise element is 
generally absent or much diminished when 
success is finally achieved. 


Leaving the abrasion process out of account, 
all methods for the cutting of metals have here- 
jofore traditionally rested on the employment 
of a cutting edge ; and even the introduction 
of sintered carbide tools cannot be considered 
to be more than a mere—although highly 
important—improvement of an old technique. 


The news of an entirely novel method of 
metal cutting developed in Russia, which this 
journal was the first to report, has therefore 
created a considerable stir both in this country 
and abroad ; and numerous letters of enquiry 
have reached our editorial offices from readers 
all over the world. In view of the urgent 
demands for more detailed information on the 
process in question, special arrangements have 
been made by the Editor to obtain and collect 
additional data ; and a report on actual cutting 
performances recorded at the Gorki Automobile 
Works is published elsewhere in this issue. 


No doubt the performance and working 
range of the process can still be greatly improved 
upon, in view of the rather crude design of the 
experimental machine described and illustrated 
in the present report. Nor is the primitive 
quality of design surprising if account is taken 
of the fact that even the Russian engineers 
reporting on this development do not appear 
to have fully grasped the nature and mechanism 
of the cutting process. In fact, in the original 
Russian report referred to in the October, 1946, 
issue of this journal, the cutting action was 
described as an electrolytic process ; while it is 
now defined as a spark discharge process. The 
earlier definition may possibly have had its 
origin in the fact that the designer of the present 
machine appears at an earlier date to have 
‘xperimented with conventional electrolytic 
methods as applied to the removal of metallic 
material. 
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A New Method of Metal Cutting 


From the evidence that has so far become 
available, it may be safely deduced that the 
process cannot be considered a purely electro- 
lytic phenomenon, but rather a combination of 
electrolytical and spark action. It would appear 
to be capable of a wide range of modifications 
according to the nature of the cutting fluid 
employed, and in the extreme case electrolytic 
action may be absent. 


Referring to the circular saw described by 
the Russian authors, it is reasonable to assume 
that the cutting action is produced by electrical 
discharges at the points where the cutting disk 
rubs away the film of cutting fluid directed over 
the workpiece and covering the cutting point. 
Although there is much that is still obscure as 
regards the mechanism of this process, its 
inherent merits are both obvious and impressive, 
and it is not difficult to visualize a host of 
possible applications of this technique to the 
cutting and shaping of metallic materials, 
particularly of alloys difficult or expensive to 
machine because of intrinsic hardness, tough- 
ness, work-hardening properties, or other causes. 
Resting, as it does, on what could be called the 
disintegration of metal by electric action, the 
cutting action is not much affected by the 
hardness of the metal to be worked. Further- 
more—and this would appear to be an impor- 
tant point—the absence of an electric arc and 
the intense cooling action of the cutting fluid 
make this a “cold” process, thus enabling 
the cutting of hardened parts to be carried out 
without causing loss of hardness due to heat. 


Also, as the release of heat at the cutting 
point is too small to cause oxidation of the 
material, the accuracy of cutting should be 
greatly enhanced. At the same time, the width 
of cut can be kept at a minimum since the 
width of the “‘ cutting edge”’ is not governed 
by aspects of mechanical strength, as cutting 
action is purely electrical and does not rely on 
mechanical forces such as are exerted by the 
usual type of cutting edge. 


The cutting and piercing of sintered carbide 
compacts, of sintered permanent magnets, etc., 
should also offer promising fields of application 
of the new process. But perhaps the greatest 
possibilities will lie in its application to the 
machining and cutting of highly alloyed com- 
ponent parts of various shapes as required in 
gas turbine construction. 


Tue Epiror. 



















RUSSIA 


Electro-Erosion Cutting of Hard Metal and Steel 


By T. P. REKSHINSKAYA. 


Tue laboratory for the investigation of metal cutting at 
the Gorki Automobile Works has now concluded its 
experimental investigation into the cutting of hard 
metal, such as carbides, by means of the electro-erosion 
process. This process is defined as the destruction of a 
metal surface by means of an electric spark discharge 
between the poles of a d.c. circuit. The spark dis- 
charge is produced by breaking the current between 
the poles, and this is accompanied by the removal of 
particles from the anode surface and their carry-over 
to the cathode usingjan electrolytic fluid as a medium. 
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Fig. 1. Diagram of electro-erosion cutting machine. 


1 Machine bed; 2 Pump; 3 Tank; 4 Vice; 5 Cutting disk; 

6 Disk spindle ; 7 Disk support arm ; 8 Electric motor ; 9 Counter- 

balance lever; 10 Counterbalance weight; 11 Negative contact ; 
12 Positive contact. 


The machine itself is illustrated in Fig. 1. Here 
it will be seen that in the lower part of the welded frame 
a reservoir for the cutting fluid is provided, from which 
reservoir fluid is conveyed to the surface of the piece 
to be cut. Above the work table of the machine a 
counterweighted swinging bracket is arranged, to 
carry a cutting disk. The axle of this disk and 
the vice which grips the work-piece are both connected 
to a d.c. circuit, the disk being connected with the 
negative terminal, and the vice with the positive terminal. 
The circuit is closed by lowering the disk upon the 
work-piece. The counterweight of the swinging bracket 
is so dimensioned, and so positioned, that the cutting 
disk rests on the work-piece. With slight pressure this 
gives rise to an electric discharge which produces 
electro-erosion. The spindle of the disk is driven at 
the speed of 750 r.p.m. by a 2-5 kW. motor, the latter 
running at 1,500 r.p.m. The pump handling the cutting 
fluid is equipped with separate drive. 

The density of the cutting fluid, which is an im- 
portant factor, is checked by means of a hydrometer. 
The cutting disk is made of mild carbon steel and is of 
0°5 to 2°5 mm. thickness and of 150 to 350 mm. diameter. 

The relationship between cutting time and disk 
diameter is charted in Fig. 2. These data refer to the 
cutting of 26x 13 mm. sections of a high speed tool 
RF-1, containing 0°7-0°8 per cent carbon, 3°8-4°6 per 
cent chromium, 17°5-19'0 per cent tungsten and 1:0-1°4 
pér cent vanadium. 

The results of tests conducted to ascertain the rela- 
tionship between cutting time and disk speed are shown 
in Fig. 3; it will be noted that the cutting time 
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(From Automobilnaya Promishlenost, No. 5/6, 1946, pp. 12-15, 7 illustrations.) 
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Fig. 2. Influence of disk diameter upon cutting time. 
Thickness of disk 0:5 mm. 

Pressure of disk upon work-piece 1 kg. 

Density of electrolyte 1:32 deg. Bé. 

Power consumption 935 watt. 

(a) Disk speed 2,850 r.p.m. 

(b) 55 » 1,450 ,, 

(c) 9 ” 750 55 

Piece cut: Bar 13 x 26 mm. steel RF —1. 


sharply decreases with decreasing disk speed. The 
influence of the thickness of the disk upon cutting 
time is charted in Fig. 4, where it will be seen that the 
cutting time becomes shorter with decreasing disk 
thickness. The minimum thickness that can be em- 
ployed is governed by considerations of mechanical 
strength, and the most suitable thickness has been 
found to be 0°5 mm. In the tests the contact pressure 
of the disk feeding into the cut did not exceed 2°5 kg. ; 
variations in contact pressure were found to have little 
influence upon cutting time. 


recommended. Although various liquids have been 
tried for the electrolyte, only waterglass gave satls- 
factory results. 


Performance figures obtained with the electro-f 


erosion method of cutting metals are given in Table. 


Cutting time and disk wear increase rapidly as the ; 


area of the section cut is increased. 


It is concluded that electro-erosion cutting of hard f 
metals or steel should be carried out with a copper # 
plated disk made of mild carbon steel, having 2 dia F 
meter between 150 and 350 mm., but preferably not & 
exceeding 170 mm. The disk should be 0-5 to 0'8 mm. & 


thick, and the copper layer 0:016 mm. The peripher#l 
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The density of thf 
electrolyte is of considerable influence upon the cutting F 
process ; a density between 1°32 and 1:34 Beaume sf 
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not exceed 85 mm. The recommended voltage is 18 V., Steel 45; 46 x 28 | 2:9 | 2-251 3-2 2-35 
resulting ina current of 80-100 amp. Careful guarding 
The § is necessary to prevent splashing of waterglass. 
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cr 
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2 0-9 
2 Cutting time, min 
Y 0-8 
0-7 Fig. 4. Influence of thickness of disk upon cutting time. 
Disk diameter 200 mm; Disk speed 1450 r.p.m; Peripheral disk 
0:6 speed 15:2 m. per sec; = Disk pressure upon work-piece 1 kg. ; 
0:5 Density of electrolyte 1-33deg. Bé; Power consumption 1,030 watt. 
0:4 ? P F 
Table II gives a comparison of the new method with 
os conventional types of cutting. 
0:2 
O-1 Tas_e II. 
Time for one cut., min. 
10 20 30 40 sO 60 Material and Section 2 
: in mm. Electro- | Band- | Power | Heller 
Peripheral speed, m/sec cutting. Saw. [Hacksaw Saw. 
Fig. 3, Influence of peripheral disk speed upon cutting time. Hard metal KM 26 x 13 1:25 Cannot be cut. 
Thickness of disk 0-5 mm. - 
Pressure of disk upon work-piece 1 kg. Hard metal — 20 8-5 Pee oe 
Density of electrolyte 1-32 deg. Bé. 
(a) Disk diameter 350 mm, High Speed Tool Steel 
ime. On» »« Ws Re 62 26x13 0-65 
(C) 55 ” 250 S53 a) ” » 
(d) 5, ” 200 5, Ditto, unhardened 0-65 | 0-6 0:65 1-35 
(e) 55 2 150 5, - 
Piece cut: Bar 13 x 26 mm, stee JRF—1. High ~—_ — nF 0-9 | 6°25 5-35 2-9 
speed of the cutting edge should be between 6 and Steel 40 Kh 30 dia. 1:55 | 0-8 2-6 1-75 
10 m./sec. The cutting pressure should be between : 5 
Qand 1°5 kg./cm?. The diameter of sections cut should Steel 85 KhGS 85 dia. 7 = 11-0 bd 














































































This table shows that of the four methods examined, 












utting 
at the Taste I, only electro-cutting is suitable for hard metal. It gives 
disk METAL Cut BY ELECTRO-EROSION PROCESS. smooth surfaces, with sharp and even edges. Warping 
> emn- een of the butt end does not exceed 0'5 mm. The loss of 
anical JF Type of Steel | Condition of | Section, | Time for | wear of hard metal by cutting is low, as the width of the cut 
been & or Hard Metal. Steel mm. one cut, | disk per does not exceed 0°85 mm. ; this makes it possible to 
ssure Min. | cut, mm. cut off slices of 2 mm. thickness, which is impossible 
kg. ; & RF-1 as supplied | 26x13 0-65 0-5 with any other cutting method. Cutting by electro- 
little hardened. erosion supersedes the employment of abrasive disks 
i = 26 x 13 0°65 0:5 for the cutting of hardened work-pieces. It is 
ting KM 26 «13 3-15 3-4 quicker and does not cause overheating and loss of 
né is Be hardness of the sections affected. In the cutting of 
been fe “ermute T-16 32 x 20 8-5 3°17 bar stock not exceeding 12 sq. cm. in area the output 
satis- F RE-8 18 x10 2:5 3-25 by the electro-erosion method is greater than that of 
power hacksaws, but the process is somewhat more 
ctro- ” 26 x 13 3-25 3-6 expensive. 
ble I. F 40Kh as received 20 1:15 0-45 The electro-erosion process is recommended for the 
s the cutting of : (1) all types of hard metal of any sections 
x » 40 2-9 1-75 used at present in the motor industry ; (2) hardened 
had, % 80 121 6-2 steels and other very hard metals provided the sectional 
Per as KHCS area does not exceed 16 sq. cm. ; and (3) bar stock of 
dia- . ” 20 1°15 0-9 steel and other metals provided the sectional area is 
7 not Ps ‘ 40 2-8 1-8 not in excess of 5 sq. cm. Incase (2) the electro-erosion 
mm. method takes the place of abrasive cutting, and in case 
heral ” ” ws lon (3) that of cutting with the power hacksaw. 
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SWITZERLAND 


Transverse Vibrations of Bars and Fatigue Fractures 


By P. MATTHIEU. (From Schweizer Archiv, Vol. 12, Nos. 11/12, November/December, 1946, pp. 329-338 ang 
361-372, 23 illustrations.) 


(Concluded from Fune issue.) 


THIRD CASE : 


FREE VIBRATIONS OF A BAR FIXED AT ONE 
END, ESPECIALLY VIBRATIONS CAUSED BY 
SHOCK. 


These vibrations are usually damped out quickly 
but may be restituted by periodic influences in a manner 
that causes approximately undamped free vibrations. A 
frequently recurring case is that of a bar vibrated by 
periodic transverse shocks. The exact theory of shock 
is rather complex, but as we are only interested in the 
transverse vibrations caused by shock, certain simplifying 
assumptions lead to easier results for several important 
cases. A shock is characterized by a shear load exerted 
on the bar for a period which is very short compared with 
the time of propagation of the elastic shock waves. We 
assume with St. Venant that at time t = 0, the shock 
exerted on a motionless bar during an infinitely short 
interval of time imparts a certain speed to parts of the 
bar in the immediate neighbourhood of the point of 
incidence only. Afterwards the other parts are made 
to oscillate by the propagation of vibrations. Neglecting 
damping, the distribution of speeds at time t = 0 in the 
neighbourhood of the point of incidence uniquely deter- 
mines the ensuing free vibration. Its equation has to 
satisfy conditions equations (3), (4), (5) and (9), with 
fi(x) (equation (5)) disappearing completely, f(x) 
(equation (5)) disappearing everywhere except in the 
immediate neighbourhood of the point of incidence (see 
Fig. 11). The point of fixture is not moving, therefore 
f(D) = fo’) = 0 in equation (6). 

According to D. Bernoulli’s theorem, any free 
vibration can be shown to be a finite or infinite sum of 
harmonic vibrations and inversely, any such sum repre- 
sents a free vibration. If the factor D, of every 
function ¢,(x) equation (20) is chosen so that 


| CenGol de = 1 a. 2 


0 
then any free v bration can be written 
y = ZA, ?7,(x) sin w,t + By, p(x) cos w,t (29) 


where w, corresponds to the m,, of equation (12). The 
constants A,, and B,, of the shock vibration follow from 
condition equation (5) : 


U 


1 
Ayan | 400 pn(x) dx and B, = | A 900 dx (30) 
Wn 
0 0 


When they are known, equation (29) can be calcu- 
lated and the form of the free vibration obtained for any 
arbitrary time ¢ after shock application. Fig. 8 shows 
consecutive stages of a shock wave caused by the shock 
represented in Fig. 11 and has been calculated from the 
first seven members of the sum equation (29). The 
shock is propagated in wave form towards the free end, 
is reflected there and, during reflection, shows a sharp 
bend near the free end (t = 4.10 sec., Fig. 8). This 
sharp bend obviously causes high stresses. The shock 
wave Fig. 9 is caused by the shock Fig. 12, where either 
the point of fixture is moved by a sudden transverse 
shock or the whole free bar is moved at a uniform speed 
by a slower transverse shock. As in Fig. 8, reflection, 
at the free end, of the shock wave gives rise to a sharply 
bent wave form and to high stresses near the free end, 
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Fig. 10 finally shows similar shock waves in the cage 
when the shock speed is zero for the time t = 0 but the 
bar is given the form shown in Fig. 13, i.e. the point of 
fixture is suddenly displaced in a transverse direction to 
the bar axis. 

Stresses can be calculated from equations (26) and 
(29). From statement 12, it then follows that (as ip 
any free undamped vibration) the bar would fracture a 
the fixed end, if it is assumed that the vibration is prac. 
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Fig. 8. Wave forms, at consecutive times, of a bar made t! 
vibrate by the shock condiiions shown in Fig. 11. 
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Fig. 9. Wave forms, at consecutive times, of a bar made to 
mm vibrate by the shock conditions shown in Fig. 12 
TABLE II. POINTS, ALONG THE BAR AXIS, OF MAXIMUM STRESS VALUES 2,,(x). 
mn FROM EQUATION 31 AND COS m = 0. 
~— Abscissez of maximum 2%, (x) 
4 . 
31 71 111 151 191 (n—3) | Fig. 10. Wave forms, at consecutive 
#e Eee times, of a bar made to vibrate by 
4n—2 4n—2 4n—2 4n—2 4n—2 4n—2 the conditions shown jin Fig. 13. 
n=1 | No maximum 
n=2 | 61 
A=3 | 3/107 7/107 
n=4 |} 3/142 714i Ll If a bar fixed at one end is 
n=5 3/182 7/18 11/182 15/187 experimentally vibrated by re- 
7 n=6 | S32) Ti22t Nee! 522i 922i peated shocks from a compressed- 
7 air hammer, it regularly fractures 
4 tically undamped because of frequent periodic repetition by fatigue after a certain time. Usually, fracture 
d of the shock. Apart from the highest stress at the point occurs at the point of fixture, but in some cases, especi- 
j of fixture, one stress maximum occurs near the free end, ally if the shock is applied very near the point of fixture, 
another near the fixed end. Figs. 6 and 7 show that the the bar breaks near the free end. This contradicts 
maxima of the characteristic value function ¢,(x) and, results of the theory developed here which places the 
according to statement 11, also those of 2,,(x) are mainly highest stress maximum at the fixed end, and the second 
regularly distributed along the bar axis, the more this is highest only near the free end. However, this theory 
so the higher the harmonics number n. Equation (21) neglects the effects of polar inertia of the bar and of 
explains this fact as with growing m the exponential shear forces which may not be negligible. Introducing 
functions of this equation become very small compared M = bending moment, Q = shear force, G = modulus 
with the trigonometric part, i.e. the maxima are distri- of rigidity, 6 = torsion of volume element of bar, « = 
buted according to the trigonometric function. Neglect- torsional angle, A = a constant depending on the form 
ing the exponential part, equations (21) and (22) lead to of the cross section, we arrive at the new equations* : 
= ; _ [mn 2 M,X 7 FT@) ay a2 OM ay 
2,(x) = D, hE (—) cos ( ; —F -) (31) = pq 3 pf—=Q+ 3; —=¢4+a;3 
ax ar? ar? ax ax 
For Cos m = O (equation (24)?for large m!), the stress 0d 
maxima are arranged at substantially equal distances Q=qGAa; M= EF 
‘long rs bar = hig abscissze as shown in Table II. Ox 
1s evident that the stress maxima of all the different : . ; 
~,(x), at least for n > 2, generally coincide near the free These lead to the differential equation 
and the fixed ends but not in the centre of the bar. p Ooty E\ oy 
If, therefore, say the 10 lower harmonics are strongly caries cceedl (ti aragse ) ee 
Tepresented in the shock wave, then the highest stresses AG ott AG / 0x? ot 
will occur near the ends. This general principle (every q oy E dy 
theoretically or practically important vibration of bars - os = .. 






can be written as a sum equation (24)) leads to recogni- 
uon of the fact that, for a bar fixed at one end, the stress 
_ Maxima of the different harmonics coincide near the free 
end, and that the bar may easily break there. 
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*, Handbuch d. Physik, Vol. 6 (Mechanics of elast. bodies), 
p. 359 
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Figs. 11-13. Initial assumptions y; = » = f; (x) and 


— = f(x) for the wave forms shown in Figs. 8 to 10. 
tt =0 


with the boundary conditions 
Yaat = 0, $221 = 0, Mean = 0, Ory = O 
OF Yeu =035 
[= py qGA oy 
— —<—- a pe = 0 


ex GA 0x dt? By Ox Vows 
ay pty 


ax? GA att Jou. 


ke (4 p = ' 
L ex E GA/J 0x0? Jeno 


Using again the equation for natural harmonics : 


y = (x) sinwt, we finally obtain the characteristic 
value functions ¢(x) and the corresponding frequencies 
as possible solutions of the following five equations : 


E Ew? 
ee e”""(x) + (« + “ane y’’(x) |. 
p 1G 





Z 


pw! qu® 
oF ( = 9(x) = a 13) 
AG ¥ 


ee aa .. (34) 


pw? qGA 
"(+ (= + (35) 
GA E 


po 
e’(0) + —— 90) = 0 si -» (G6) 
GA 


tt p P 
pO) + ~ 
E GA 


From equation (33) it follows 
P(x) = C, e*t® + C, cfs + Cy eks* + Cyeks” (38) 
where k,, k,, ks, k, are the roots of the equation 


E Ew? put qu? 
freee ee) 
p GA GA F 


and where the integration constants C, to C, and the 
frequency are found from boundary conditions equa. 
tions (34) to (37) by a rather tedious calculation. 
Shock vibrations can be expected to show rather 
large shear forces so that equation (3) is not valid, 
Every harmonic part vibration will show its maximum 
shear force near the fixed end so that the curvature of 
the bar, and therefore the stresses 2,(x), are largely 
reduced at this end. According to statements 6 and 7, 
it then seems possible that the bar fractures near the free 
end. In order to estimate the shear force effect, the 6th 
harmonic of a bar, 30 cm. long, 1 cm. x 1 cm. cross- 
section, was calculated from equations (32) to (39) and 
the stress near the fixed end was then found to be reduced 
by 5 per cent (Fig. 14). This reduction would not be 
sufficient to cause the bar to break near the free end but 
stress reduction increases rapidly for higher harmonics, 
If the shock is applied very near the fixed end, 
vibrations of much higher harmonics are set up and 
this may, in some cases, cause fracture near the free end. 
In addition, a non-rigid clamping of the bar may reduce 
bar curvature and stresses near the fixed end and con- 
tribute towards displacement of the fracture towards 
the free end. The theory developed here applies not 
only to shock vibrations but similarly to free vibrations 
determined by any other boundary conditions. 








Fig. 14. Change, due to shear effect, of the wave form of a 
harmonic in the neighbourhood of the_point of fixture. 
Dotted: Wave form neglecting shear. Full-lined: Wave 
form including shear effect. 

14th Statement. If the shear forces of a natural 
harmonic vibration are small, then the point of highest 
stress is, according to statement 12, the point of fixture. 
If, however, as with the higher harmonics of natural 
vibrations, the shear forces are very large, then the 
highest stress occurs near the free end. This statement 
applies to any free vibration, especially to vibrations 
caused by shock. 


FourTE CASE : 


TRANSVERSE VIBRATIONS OF A 
TAPERED BAR. 

Fig. 15 shows a form which is a good mathematical 
approximation for many bar types used in practice, “A 
propeller blades. Neglecting shear, the differentia 
equation of the vibrating bar, equation (3), takes the 
form A 
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Fig. 15. Tapered, wedge shaped bar ens at thick end. 
: Uniform width w = 


9 2 32 ay » 
(= ) -. (40) 
or? 12 px Ox? ox? 


where h = px = height, g = px = cross-section, 
7 = p*x*/12 = moment of inertia of bar. Considering 
at first again a harmonic motion of the point of 
fxture, the boundary conditions are expressed in 
equation (1) and, instead of equation (4), in : 


d’y 7) ay 
PZ] -s [2e2)]_-e 
2=0 Ox Ox? x=0 


As in the first case, we distinguish a practically un- 
damped forced vibration, equation (8) and a quickly 
damped free vibration y.(x,t), and neglect the latter. 
Equations (8) and (41) lead to : 

d*? do 12pw?x 
e—} = p .- (42) 
aN axe Ep* 


1 df ad dp i” 12pw? 
* ee ie <<(¥2 ae 1} p (43) 
x dx | dxi.x dx p? 
with boundary conditions : 
(=a; oD =b3 [x*p")e—o = 05 
[ xp "(x) + 3x? @ (x) Jeno = 0 (44) 


According to Kirchhoff*, equation (43) can be 
integrated by integration of the two equations : 


1 d/ dp 12pw? 
nk gest ieee p +» (45) 
x dx dx Ep? 


which by substituting : 
(46) 
d*u 
a aie + {1——]}u=0.. (47 
dt? 


This is a “ Bessel” differential equation of first 
order. For abbreviation, we write : 


* 1 qo w x 
m= I and X= — 
Eo 1 


where g, =cross-section, #,=moment of inertia of fixed 
ro and finally obtain the general integral of equation 


1 
9 (x) —_ [C, F, (2m+/X) + C.F; (i Wmr/X) -- 
VX 


Cy Y; (2m VX) + C, Y,(i2m VX)].. (48) 


* KincHHOFF, On transverse "vibrations of bars with variable 
Cross-section. Collected papers, p. 339. 
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where ¥, (x) a first order Bessel function, first kind, Y, (x) 
is a first order Bessel function of second kind, and C, 
to C, are the integration constants as before. From 
Y, (m2 /X) 
tables of Bessel functions it follows that —————-— and 
VX 
Y, (@2m VX) 
———_——— have a pole for x=0, so that, according 
VX 
to conditions equation (44), C;=C,=0. Furthermore, 
F: @2m VX) 


VX 
only real solutions need be considered, one can write : 
Fi (2m / X) Ii @2m VX) 
p(x) = C,* —————. + C,* i ————_ ... (49) 
V/ x /X 
with C,* and C,* as real integration constants. Using 
the reduction formule : 


1 
Fi'(x) = Fox) — — Fi) and Fy(x) = —Fix) .. (0) 
% 


is imaginary for real values of x, and as 


we obtain 


C,* Tm : 1 
9p (x)= — =| ~5, (2m / X)— ——F, (2m VX) | — 
VX x? 
27, (42m \/X) 4 (2m y »| (51) 
/ X38 
and 


x® 


C,* 2m f 2 
9" (x)= —| ——JFo (2m VX) + ( —--— 
P x? / 


m? C.* [2m 
=. —~—)s, (2m / 20] -+ — | —F, (2m \/X)-\- 
/X3 P Poe 


y m2 

| (— + ~~) (t2m v9] « &® 
VX) /X8 

The functions Ff, (x), Fo (ix), F1 (x), F1 (x) are known 

from tables. For x=/, equation (49) takes the value a, 

equation (51) and the value b, C,* and C,* can thus be 

calculated. Equation (52) leads to the stress function : 


hE pEx 
(x) = — p (x) = ey p(x)  .. (53) 


These are all the necessary equations. For practical 
purposes, it is often advantageous to use the infinite 
series for the following functions : 


I, (2y/x) o x* ] 
——— = 1 | a —... 
- 12! 213! 314! 415! 


F, (82 Vx) bo be x4 
—_—- = 14+ —+— + =F +... 
ix Pi2! 2st. SI4k 4isi J 
15th Statement : Equations (49) and (51) determine 
the wave form, equations (52) and (53) the stress func- 
tion of the forced vibration. 

If undamped free vibrations are considered (corres- 
ponding to the third case) the natural harmonics are 
again represented by equation (49), but C,* and C,* are 
calculated from the boundary condition that for x=], 
equations (49) and (51) take the value 0. We thus 


obtain 
Jo (2m) Fo (i 2m) 
= ¢ 
F, (2m) F; i 2m) 


(54) 





(55) 
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From tables for Bessel functions, the functions and 
quotients of equation (55) can be obtained, and the 
points of intersection of the corresponding curves indi- 
cate possible solutions for 2m and therefore the fre- 
quency w. 

16th Statement : The frequencies w, of the har- 
monics of a tapered bar fixed at its thick end are found 
from equation (55), the corresponding wave forms 
Yn (x) from equation (49), and the stress functions 2,,(x) 
from equations (52) and (53). 

The following statements refer to the stress in the 
bar for harmonic motion of the point of fixture. 

17th Statement : Statements 4 and 5 are also valid 
for tapered bars. 

18th Statement : Of all possible maximum values of 
2(x), the greatest maximum always lies nearest to the 
free end. 

19th Statement: The point of greatest stress, i.e. the 
probable point of fracture, coincides with the point of 
greatest maximum stress 2 (x)max,; or is the point of fix- 
ture. 

20th Statement : If, as is generally the case, either 
a=0, or b=0, or b/a <0 (for a and b = 0), then the 
greatest stress always occurs at the point of the greatest 
maximum 2(x)max. If no 2(x)max exists, then the 
greatest stress is at the point of fixture. 


PR 


er ae 
aS QD Sy a cate ve. 





Fig. 16. Fatigue fractures caused by shock vibrations of 
tapered bars. Several small pieces break off first. Final 
fracture occurs at point of fixture. 
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21st Statement : ‘ 
conditions of statement 20 is almost certain to be 


In practice, at least one of the three f 


satisfied. Furthermore, with higher harmonics, the f 
stress maximum converges rapidly towards the free end, | 


A tapered bar will therefore normally fracture near jt; 


free end. 
22nd Statement : 





By | 


| THE ot 


motion of the point fixture can always be chosen so that f 


either the tapered bar fractures at any arbitrary point or 
the stress disappears for that point. 
for a prismatic bar !). 


(This is not possible F 


» the a.c. 
If a=0 or b=0, the harmonic 


which 

charact 
useful | 
meters 


» circuits 


Considering finally shock vibrations, or free vibra- 


tions generally, we can state. 


23rd Statement : If a tapered bar swings in natural 
harmonics, it would fracture, when overstressed, at the 
point of fixture in case the lowest harmonic predominates 
and near the free end in all other cases. 


24th Statement: With every free vibration, especially 
with shock vibrations, fracture would most probably 
occur near the free end. Only if the lowest harmonic 
predominates very strongly over all higher harmonics, 
would the bar fracture at the point of fixture. 

As for the first case, the mathematical proof of these 
statements follows from a comparison of exponential and 
oscillating functions, as the linear combination of which 
the wave form and the stress function can be represented. 
The proof is indicated in the paper. 

Fig. 16 shows a series of nearly uniformly tapered 
bars which were vibrated by repeated shocks applied by 
a compressed-air hammer near the fixed end. The bars 
always fractured near the free end and tests thus con- 
firmed the theory. After a first small piece had broken off, 
the tests were continued and, after a short time, a second 
small piece broken off. This could be repeated several 
times until the free end had become so thick that the 
test bar behaved like a prismatic bar and finally fractured 
at the point of fixture (compare statement 12 !). 





Figs. 17-18. Fatigue fractures in steam turbine blades and 
propeller blade models. 


Figs. 17 and 18 show bars taken from practical 
applications. Their form approached that of a tapered 
bar. Vibrations were set up by applying shocks to the 
block of fixture so that conditions were similar to those 
of Figs. 9 and 12. Fractures again gave the same 
appearance. 


THE ENGINEERS’DIGEST 





temper 
of frict 
conside 


| Err 


Th 
are sho 
followi 
magnet 
with vé 
(5) ma 
device 
(8) cot 
and ct 
leakage 

Sta 
ing qu 
torque 
of the 
manen 
frictior 
of regu 

For 
per ce! 
for cos 
the rat 
disk is 


The po 
to the 
the ms 
As the 
propor 
sumpt: 
if thes 
torque 


II. 


To 
torque 
the dri 
than a 
curren 
(2 anc 
more 
voltag 
drivin: 
®; of 
steepe 
load ¢ 

As 
Variati 
voltag 
equati 


where 
o — 


JUL 








> three 
to be 
3, the 
e end, 
ear its 


monic 
0 that 
int or 
ssible 


atural 
at the 
inates 


cially 
bably 
nonic 
Mnics, 


these 
1 and 
vhich 
nted. 


ered 
d by 
bars 
con- 
n off, 
cond 
veral 
t the 
ured 


and 


ical 
red 
the 
ose 
me 








By R. DRECHSLER. 


Tue object of this article is to develop an equation for 
the a.c. induction-type meter with the aid of constants 
which will depend on the electrical and mechanical 
characteristics of the system. This equation will be 
useful as a criterion in designing or comparing various 


’ meters of this type, and particularly their magnetic 
' circuits. The influence of changes in frequency and 
vibra- | temperature has not been investigated, but the effects 
» of friction and of the iron masses have been taken into 


consideration. 


. THE DRIVING SYSTEM (DRIVING AND 
BRAKING TORQUES). 


The essential features of the induction-type meter 
are shown in Fig. 1. The arrangement consists of the 
following parts : (1) voltage magnet and series coil ; (2) 
magnetic shunt of voltage system ; (3) auxiliary coil 
with variable resistance ; (4) current magnet and coil ; 
(5) magnetic shunt of current system ; (6) regulating 
device ; (7) disk (rotating at an angular velocity 2) ; 
(8) counter and braking magnet ; ®, and @®; voltage 
and current fluxes through the air-gap ; ®,, and @;, 
leakage fluxes of voltage and current systems. 

Stable load conditions are determined by the follow- 
ing quantities : D, = driving torque ; D, = braking 
torque of the voltage system ; D,;= braking torque 
of the current system ; D,= braking torque of per- 
manent magnet ; D,= torque required to overcome 
friction of the driving system ; D’,= additional torque 
of regulating device 6 (Fig. 1) serving to compensate D,. 

For the rated values of the mains voltage (E = 100 
per cent) and the load current (J = 100 per cent) and 
for cos » = 1 the torques indicated above will also be 
the rated torque values, i.e. D,,, D,,, D;,, etc. The 
disk is in a state of equilibrium when 

D,= D, + D, a D; + Di: — D/’ ¥e (1) 
The power consumption of the load will be proportional 
to the driving torque if for cos y = 1 at any instant 
the magnetic flux vectors ®, and ®; are in quadrature. 
As the braking torque D, of the permanent magnet is 
proportional to the angular velocity 2, the power con- 
sumption of the load would also be proportional to 2 
if there were no friction and no additional braking 
torques D, and D; (see eqn. (1)). 


Il. | COMPENSATION OF THE BRAKING 
TORQUES. 


To eliminate the unfavourable influence of the braking 
torques D, and D; of the voltage and current systems, 
the driving torque D, will have to increase more rapidly 
than a linear function of the mains voltage and the load 
current. To achieve this, magnetic shunts are provided 
(2 and 5 in Fig. 1) ; and these shunts are saturated 
more rapidly than the main magnetic circuits of the 
voltage and current systems, with the result that the 
driving torque D,, which depends on the fluxes ®, and 
®; of the voltage and current systems, will rise with a 
steeper non-linear characteristic as the voltage and the 
load current increase. 

As the mains voltage is subject only to very slight 
variations the relation between the magnetic flux and 
voltage can be expressed by means of a quadratic 


equation : 
Eo, Bs 
®, ~ 1 1 @ ) 
100 100. 
If for E = 100% we write 








Where a is a constant. 
e= ©, we obtain 


JULY, 1947 Volume 8, No, 7 


Equation of the A.C. Induction Type Meter 


(From Elektrotechnicky Obzor, Vol. 36, No. 3-4, February, 1947, pp. 37-40, 1 illustration.) 


E% 


®, _ ®,, a* 





(2) 
00 


: oH ee 
E% 

where e= E +a ——1)] 
100 


The constant a defines the relation between the magnetic 
flux ®, of the voltage system and the mains voltage 
(influence of the iron masses). 

The current varies within much wider limits and 
therefore to define the relation between J and @; it will 
be necessary to use a cubic equation of the type : 


1% 1% 1% \" 
17% ew (B) 
100 100 100 


where b’ and b”’ are constants. For J = 100% we have 
FS 


®, ~ 





®; = ®;,, b* (3) 


100 
with 
I% Pe 
(“GY J] 
100 100 


The constants b’ and b” serve to determine the relation 
between the load current consumption and the flux @; 
and vary according to the reluctance of the iron used. 

The driving torque for active power consumption 
is given by 











D,= ®, ®; cos (g + 4) 
where @ is equal to 90 degrees minus the angle between 
the instantaneous flux vectors ®, and ®; of the air-gap 
for a purely resistive load. Using for ®, and ®; the 
values obtained by means of equations (2) and (3) we 
have : 
o T° 


. —— cos (p + 8) 
100 





D,= @,, Oi, a 
100 


As the rated value of the driving torque is D,,= ®,,,. ®;, 
the above equation can be re-written as 


B% 1% 
100 100 


The values of the braking torques can be derived in 
the same manner : 


D, = Din a® b* 








Fig. 1. Schematic diagram of the driving system of the 
induction-type meter. 


223 





92 
=D,,— 
Q 


" 7E%\ 
Don a®? 

Gabe 

Q 


I% 
= Din b* ( ) 
100 J 2, J 


where 2, is the angular velocity of the disk at rated 
load (cos y = 1). The frictional torque D, consists of 
a constant component and of a component which is 
proportional to 2. Therefore it can be expressed by a 
linear approximation 


D,~D+p2 ar oe (6) 
where p is a constant factor. 





III. ANGULAR VELOCITY OF THE DISK. 


By putting into equation (1) the values of the various 
torques, and then solving for 2, the disk’s angular 
velocity can be determined : 

E% I% 
. — cos (p+6)+D,’/—D 
100 


eee 
EY, 2 £%, 2 
DyntDen an( ) + Din se( ) 
100 100 (7a) 


It was found advisable to compensate for the constant 
component D of the frictional torque D, at the rated 
mains voltage by means of the additional torque D,’ of 
the voltage system : 


E%\? 
b: =D ( ) bi Bae 
100 


obtained by an approximate adjustment of the regulating 
device (6 in Fig. 1). 


The variable component p2 of D, has nearly the 
same characteristic as the braking torque D, of the 
permanent magnet, and it will therefore not be necessary 
to compensate for this component. Putting 


Din 2 Dien 7 
2D D,,, 
2D 


Ea 
100 





Q= 





H,= 


2= 


(9) 


3= 


Din 


and taking account of the fact that, for small variations, 
plus or minus 10%, in the mains voltage (E% /100)?= 
2 (E% /100) — 1, we obtain, for cosp > 0258 : 


E% 1% { E% 
— cos (py + 64) +4 1,(—"—1) 
100 100 100 


Qn, 
. 5 E% 1% \* 
jen (2-1) +2H, se ) 

_- 100 100 / (7b) 


E% 1% 
+ — cos(1 + 4) 
100 


are 





oO 


or 2Q= Q, (10) 


100 


where 4 is the difference between the correct value and 
the value indicated by the meter. 


IV. EQUATIONS OF THE INDUCTION-TYPE 
METER. 


The difference 4 between the correct and the 
indicated value is obtained from equations (7b) and (10) ; 
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=—0étang+4,+4;+4,+ 4 
o = 1—b’—b"— (A, /2) — Don/Din | 
; = b' (1% /100) —(2H,— 6”) (1% /100)? (11a) Bi 
4, = [(E%/100) — 1) (a— A, (1 + a)] | 
4, = 10‘ H, [((E% /100)—1]/(E% I% cos) | 
In equation (lla) all terms with values smaller than P 
10-2 have been neglected ; the error thus introduced js | 
less than 0°014. For a meter with an accuracy of 0] P 
per cent the error is then less than 0:001 per cent which © 
is of no practical importance. . 
In the second term of the equation, the value of 
Dyn/Dzn; i.e. the relation between braking and driving 
torque at rated load, still has to be determined. This 
value can be adjusted during the calibration by changing 
the position of the permanent magnet, so that the 
absolute values of the positive and negative errors will 
be the same. In determining the maximum error, the 
first term of eqn. (lla), — @ tangy, which expresses 
the influence of incorrect adjustment, and the last term, 
4,, of the same equation (representing friction which 
should be kept at a minimum value in all cases), should 
be disregarded. From the relation 
04 1% 
— 0=— b’—2 (2H, —b”) . —— 
i AVA 100 


the othe 


By 
develop 
by corr 
Hs; a’, 
electric: 


100 
it will be seen that if the mains voltage has a maximum 
variation of + 10 per cent, the error 4 will have a 
maximum value 4max when 
1,% /100 = b’/2 (2H, — 6”) and E = 110%, 
and a minimum value 4min when J, = 0 and E = 90°, 
so that 
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2(2H,-6b”) 4(2H,—b”) 
4min = 4) — 10°. [a — H, (1 + a)]. 
The meter is being used correctly if max = — Amin 
i.e. when 4,= — 62/8 (2 H, — 6”); this latter 
equation determines the value of D,,,/D.,. 

The entire driving system of the induction-type 
meter is therefore determined by the following equation : 


A% = —10? Otan 9 +4,% +4;% +4,% +4,% . .(11b) 


where 4,% = — 10° b’/8 (2H, — b’’) 
4:% = 6 I% — 10° (2 H, — 6") I%) 
4.% = (E% — 100) [a— H; (1 + a)] 
4,% = 10* H, (E% — 100)/(E% 1% cos¢) 


Equation (11b) refers to an induction-type meter with a 
driving system in which friction has been taken into 
consideration, and which is provided with magnetic 
shunts for compensation of the braking torques of the 
voltage and current systems. This equation shows 
the relation between the errors of the meter and the 
load current. The equation is valid for any load 
current greater than J = 3 per cent and any voltage, 
provided that cos p > 0°258, or » < 75 deg., a condition 
which is nearly always fulfilled in practice. The various 
constants are defined by equations (2), (3) and (9). 





Amax=4y-+ -+- 10° [a—H,(1+-a 


V. REMARKS ON THE METER’S EQUATION. 


The correct value of the first term (— @ tan) of 
eqn. (11b) can be obtained by changing the relative 
position of the magnetic flux vectors ®, and 9, in the 
air-gap. Adjustment is achieved during calibration by 
varying the resistance 3 (Fig. 1). The value of the 
second term depends on the adjustable value of the 
braking torque of the permanent magnet. The driving 
system will be working under optimum conditions if its 
value is equal to 4, (see eq. (11b)). 
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P4% 2% — 11.H310?% / I% cos¢). 
‘load current, 4,°% will have a minimum value, because 


The third term 4; gives the relation between the 
Y error of the meter and the load current ; it also is a 
> measure of the quality of the compensation of the brak- 
) ing torque of the current system. The fourth term 4, 
isa relation between meter error and voltage fluctuation, 
and a measure of the quality of the compensation of the 
' braking torque of the voltage system. 


The fifth term 4, defines the relationship between 


© the frictional resistances of the driving system and the 
» meter error for normal variations of load current, mains 
| voltage and phase angles. 


Correct compensation of 
friction is obtained at all loads if 4,% = 0 provided 
the voltage has the rated value. For E = 110%, 
4% 2 + 9H3.10?% /(I% cose); and for E = 90%, 
For maximum 


in this case friction will be negligible compared with 
the other torque components of the system. 


By means of equation (11b) it is thus possible to 
develop a driving system with optimum characteristics, 


» by correctly determining the relative values of H,, H,, 


H,, a’, 6’ and 6b’, which will vary according to the 
electrical and mechanical conditions of each particular 


system, Furthermore, the following points should be 

considered : 

1, The driving system will be correctly adjusted if @ 
is equal to zero. 

2. The error of the meter will be independent of the 
mains voltage if the magnetic shunt of the voltage 
system is designed in such a way that 


z 


a= ——- ne ar) 7.) 
1— H, 

. The error of the meter will be independent of the 
load current if the magnetic shunt of the current 
system is so designed that b’ = 0 and 6” = 2 H, (13) 

. The value of H; should be as low as possible in 
order to have the error of the meter independent 
of friction. In normal designs the following values 
are used: H, = 002, H, = 012, H, = 0006. 
The values of a, b’, and b’’, depend on the degree 
of compensation. 

Thus with this equation it is possible to evaluate the, 
influence of various factors which cannot generally be 
assessed individually by direct measurement of the 
error of the meter. 


FRANCE 


A New Method of Spectrographic Analysis 


By R. RicaRD and A. Cornu. 


(From Revue de Meétallurgie, Vol. 42, No. 12, December, 1945, pp. 389-392, 


3 illustrations.) 


QUANTITATIVE spectrographic analysis is in everyday use 
in most foundries. It combines speed of analysis with 
satisfactory precision in the determination of even very 
small doses of additives. However, due to the great 
number of variables which have to be controlled in 
order to obtain acceptable precision, spectrographic 
analyses are usually made by a comparison of the con- 
centration of the added element with that of the major 
constituent of the same sample. E.g. in alloy steels 
the intensity of a spectrum line of nickel is compared 
with that of a neighbouring iron line and the ratio of 
the two intensities is then interpreted, aided by graphs 
taken from the spectro-analysis of carefully prepared 
standard samples. Because of many intermediate and 
insufficiently controllable operations, however, industrial 
users have not, in most cases, been able to directly com- 
pare the lines of one metal of unknown concentration in 
a test sample with the similar lines of a calibrated 
standard sample of the same metal. The authors have, 
therefore, evolved a method making this comparison 
possible for industrial use. 

The main problem has been solved by replacing the 
normal spectrograph slit by a reflecting cylinder of 
small diameter?, When illuminated by the light source, 
the virtual focus of the cylinder supplies a fine light ray 
which can be used without a slit. The light source can 
then be arranged outside the collimator axis and one 
can utilize two light sources at the same time. (Fig. 1.) 
The spectra of a standard sample of known, and of a 
sample of unknown, concentration can therefore be 
projected onto the same part of a photographic plate. 
Because of the separation of the two focuses, they will 
be slightly displaced against each other along the wave- 
length axis. With one setting of the micro-photo- 
meter and under identical and easily controllable con- 
ditions of spectrum reception, one line of a metal of 
unknown concentration in a test sample can then be 
comparec! with the similar line of the same metal in the 
standard piece. Moreover, the simultaneous use of the 
two light sources makes the introduction of an improved 
analytical evaluation method possible. As no lens is 
arranged between the light source and the cylinder, 
the spectrum intensity depends directly on the distance 
between source and cylinder, and by adjusting this 
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Collimator 


C = Reflecting cylinder. Ss 

S, = Light source of standard sample 
S2 = Light source of test sample. 
f,, fo = Focuses. 

T,, f,=Spectrum lines. 











Fig. 1. Schematic arrangement. 


distance, the intensities of the two spectral lines can be 
equalized. If equality of intensities can now be pre- 
cisely determined, then the position of the light sources 
must indicate the ratio of concentrations of the metal 
in the test sample and in a standard sample which has 
previously been calibrated under identical conditions. 

A simple adaptation of Feussner’s spark circuit® 
ensures simultaneous supply to the two light sources. 
The 110 volts d.c. mains feeds the primary side of a 
powerful coil across a mercury interrupter. In the 
secondary circuit, a synchronized interrupter connected 
to a strong condenser distributes, alternately to each 
source and at each quarter of a cycle, the tension peak 
supplied by the coil. Thus two sparks per cycle pass 
through each of the spark gaps. 

The spectrograph contains a vertical cylindrical rod, 
4 to 7 mm. in diameter, according to the fineness of 
lines required, and 10 to 20 mm. long, accurately 
turned and polished. If the polish is sufficiently bril- 
liant, the spectrogram will be bright enough even when 
the spark light is utilized without an optical condenser. 
This cylindrical mirror is mounted on an adjustable 
slide and placed in the focus of the collimator lens. 
The camera side of the spectrograph must be dispersive 
enough to avoid too much overlap of the spectral lines. 

The spectrum can be photographed on a plate or 
film, To determine the emulsion characteristics, a 
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rotating stepped quadrant is placed next to the cylinder 
and the spectrum is divided into bands of different 
exposure times. The photograph is then analyzed 
by micro-photometer and the ratio of intensities of 
light from the sample and from the standard is deter- 
mined. The light sources remain fixed at equal dis- 
tance from the cylinder. Another optical arrangement 
allows for the determination of the equality of intensity 
of two corresponding spectrum lines when one light 
source is displaced and its intensity across the spectro- 
graph is adjusted. The relative position of the light 
sources then indicates the unknown concentration. 
This method is quick and inexpensive. The eye can 
finally be replaced by two photo-electric cells with elec- 
tronic amplifiers* arranged in opposition in a galvano- 
meter circuit. Each cell measures the light intensity of 
one of the two corresponding lines and, for zero deflection 
of the galvanometer, the two intensities must be equal. 
The position of the light sources for zero deflection is, 
in this case, also a measure of the unknown concentra- 
tion. This method is more automatic and precise than 
visual observation but requires expensive amplifier cells 
and two additional spectrum slits for separation of the 
two lines to be analyzed. It gives results very quickly. 
In an industrial laboratory when all preliminary work 
has been done, a single observation is sufficient to 
determine the concentration of one element. A simple 
shift of the reception apparatus then changes the 
observed spectral lines and, therefore, those of the 
element to be analysed. 





Mo=d 
Ow=a 
SSe@L 





Centre of 
collimator lens 











Fig. 2. Optical scheme. 


The apparent angle of the light source as seen from 
the centre of the collimator lens is, by first approxima- 
tion, 

Lrcos » Lrcos » 
da= = (see Fig. 2). 
a.(d—rcos?) a.d 

Taking average values (L = 5 mm., r = 4 mm.,d = 
= 500 mm., and with angle » very small) and assuming 
that the spectrograph does not enlarge the image, i.e. 
that collimator and camera lens are optically similar, 
a theoretical width of the focus image obtained on the 
photographic plate would be 


a.da& = 4/100 mm. 


The lines are therefore extremely fine even for large 
light sources L. The angular separation of the two 
images is 





2rsin D/2 
24 =——. (see Fig. 2). 
a 

Again taking average values (D = 25 deg.. a = 500 
mm. = focal length, and other values as before) a spec- 
trum shift of 16 mm. would be obtained on the plate. 
In practice this shift is made to be between 1 and 2 mm. 
If the standard sample contains n per cent, and the 
sample to be analysed x per cent of a certain metal, 
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then—under equal electrical conditions—each spark wil] 
excite K times 100 atoms, amongst which will be K, » 
and K . x of the metal to be analysed. The spectrum 
line will therefore have an intensity proportiona! to the 
concentration of the metal. The light flux receiyeg 
from a source across a lens is, again by first approxi- 
mation, 

O? r? Ory? 

I, = K’n —— orl, = K’x —— 

aan aa, 
where O is the diameter of the utilized part of the 
(camera) lens. Hence the ratio of intensities is :— 

na. 


f x a 
The lines will blacken a photographic plate, according 
to their intensities, to an extent D, or D,,, and the 
difference is :— 


I, 


D,— Dz = y log 


x 
y is identical for both lines because their wave lengths 
are identical and they are projected onto the same spot 
of the same photographic plate. The micro-photo- 
meter deflections H, and H, are proportional to the 
light transmitted across the blackened parts of the plate. 
According to theory : D, — D, = log H,,/H.,, so that 
finally , 
n I, n.dg* 
= 10” — = 10” 

lol Te EA 
The ratio of the micro-photometer deflections is pro- 
portional to the ratio of the concentrations and inversely 
proportional to the ratio of the distances of each source 
from the cylinder. For visual or photocell evaluation, 
the intensities are precisely equalized, and as the square 
of the distance ratio is equal to the intensity ratio, the 
possible error in the final position of the sources is 
halved. 


CONCLUSIONS. 


Whether photographic, visual, or photocell evalua- 
tion is used, the method described systematically 
eliminates errors and compares favourably with current 
methods for speed, precision and costs. Simultaneous 
sparking eliminates errors due to current change or 
different exposure times. At each half cycle one spark 
passes each gap so that at the end of exposure there 
can only be a difference of one spark. Secondary supply 
can be practically guaranteed to be constant. If one 
gap should have an advantage, this advantage would be 
maintained constant throughout exposure. The spark 
gap length must be precisely equal for either source 
and controlled by glass shims or precision adjustment. 
Any error due to different spark lengths would not in 
any case exceed that of current methods. Simultaneous 
reception saves time and improves spectrographic con- 
ditions. Only lines of identical wave lengths projected 
onto the same spot of the photographic emulsion are 
analysed. However, lines to be analysed must be well 
chosen and background corrections must be allowed for. 
Lines of the same metal in several alloys can be com- 
pared without recourse to the basic metal in any of the 
alloys. When evaluating with micro-photometer, only 
one measurement is taken, therefore no correction for 
re-setting is required. The visual arrangement gives 4 
practically instantaneous analysis by means of a very 
simple apparatus, and analysis by photocell. although 
expensive, promises very good results for the future. 


BIBLIOGRAPHY. 
(1) R. Ricarp, Comptes Rendus, Vol. 222, May 6, 1946, and French 
patent No. 27578. 
(2) Feussner, U.S. patent 1971-215, 21/8/34. 
(3) C. Larcson & H. SALINGER, R.S.I., Vol. 11 pp. 226-228, July; 
1940, 
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Printing Electronic Circuits 


(From Technical News Bulletin, National Bureau of Standards, Vol. 31, No. 2, February, 1947, pp. 17-19, 
7 illustrations.) 


Tue printed electronic circuit, representing the per- 
fection of a method of printing wiring and circuit com- 


: ponents on an insulated surface, is one of the most im- 


portant of the new processes and techniques evolving 


» from research and development during the war. The 
» new techniques, developed by the National Bureau of 


Standards in co-operation with electronic manufacturers 
for the tiny generator-powered radio proximity fuse, 


more uniform electronic equipment. 
The methods are applicable in the design of numer- 


' ous industrial and commercial devices where extreme 
| ruggedness and small size are imperative. 


By means 
of the printing process the electronic circuit of a con- 
ventional radio—now characterized by a maze of wires, 
resistors, inductors, and condensers—may be replaced 
by a compact circuit printed on a small flat plate, elimi- 
nating much of the third dimension and making it 
simple to check and repair. Other specific applications 
lie in the fields of pocket radios, personal radio tele- 
phones, miniature hearing aids, meteorological instru- 
ments, and various miniature electronic control circuits. 

Present investigations at the National Bureau of 
Standards of the various means available for reducing 
the size of electronic assemblies and for mechanization 
of chassis wiring reveal a number of feasible and prac- 
tical electronic printing methods. Variations of the 
stencilled screen printing process include hand printing 
or spraying of the components and leads on suitable 
surfaces. Another method involves the use of phoio- 
graphy and an abrasive blast. A third is an adaptation 
of the chemical methods of silvering mirrors. Mechani- 
cal processes include metal spraying, metal sputtering 
or evaporation, the use of foils, and stamping. As an 
example, loop antennas are now stamped out in a single 
operation by a variation of the printed wiring technique 
and have shown improved performance over wire- 
wound loops, in addition to reduced cost of production. 
The principal effect of these methods is to reduce elec- 
tronic circuit wiring to two dimensions. The effect 
isenhanced where it is possible to employ subminiature 
tubes and compact associated components. 


COMPACT CIRCUIT BY NEW TECHNIQUES. 


Four simple techniques are the key to the electronic 
printing process which led to the design of control cir- 
cuits capable of meeting the space limitation and rugged- 
ness requirements of the VT fuse. First, the circuit 
wiring and inductors are painted or stencilled with 
silver paint on a chassis or base material, such as a plate 
of steatite. Second, the resistors, in the form of a 
carbon and resin mixture, are stencilled or sprayed on the 
plate through masks that locate them accurately be- 
tween designated end tabs. The small disc-type 
capacitors, of high dielectric ceramic, are then applied 
directly to the wiring on the plate. Last, other compo- 
nents, such as tubes, are fitted into properly located 
holes in the ceramic and soldered in place. In this 
manner, a compact electronic circuit assembly, readily 
adaptable to high production techniques, is obtained. 

Any insulating surface may be employed as a base 
plate for the wiring. Thus, electronic circuits may be 
printed on glass, porcelain, plastics, cloth, paper, or any 
material having suitable insulating properties. Steatite, 
a hard and dense ceramic material, is well adapted for 
use as a base material. In fabricating, carefully selected 
ground talc and small percentages of clay, fluxes, and 
organic binders are worked, with the addition of water, 
into a uniformly plastic condition. The mixture is 
then moulded into plates under pressures between 5 and 
10 tons per sq. in. The plates are dipped into glass- 
forming materials and fired in kilns at a temperature 
of about 2,400 deg. F., producing a hardness approach- 
ing that of sapphire. The resulting material, steatite, is 
unaffected by water, solvents, or even acids—important 
factors in its electrical use. 

The next step in printing the circuit is to apply a 
pattern of silver lines to the ceramic, either directly with 
a brush or by using a silk or metal stencil. The stencil 
is produced by coating silk or metal screens with a 
substance such as gelatin or polyvinyl alcohol which 
is made photosensitive by treating with potassium dichro- 
mate. A sheet of paper bearing the desired wiring 
pattern is held tightly against the screen and exposed 
to strong light. Exposure “fixes” the chemicals on 








Four simple techniques are followed in making the printed electronic 


circuit: blank steatite plate and plate with circuit wiring applied 
(upper), with the addition of resistors and the assembled unit with 


miniature tubes (lower). 
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Preparing a stencil of the wiring diagram photo- 
graphically is the first step in making a printed 
electronic circuit. 
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Wiring diagrams and inductors are printed on ceramic 
plates by forcing silver paint through the stencil. 


the screen except for those portions beneath the wiring 
diagram. The silk or metal is then washed in water, 
and those parts not exposed to light dissolve in the water 
and wash out, leaving openings in the screen corre- 
sponding to the desired wiring diagram. 

The stencil is laid over a clean ceramic plate and 
silver ink or paint is brushed over it. An impression 
on the plate exactly like the wiring of the circuit is 
thus obtained, but instead of copper wires there appears 
a group of silver lines. The silver paint consists of 
very finely divided silver or silver oxide mixed with 
a binder to make a paste and thinned with a solvent 
such as acetone. After impression of the pattern, 
the plate is heated to a temperature between 1,300 
and 1,500 deg. F., bonding the silver permanently to 
the ceramic. Paints have been developed which require 
firing at considerably lower temperatures if desired. 
The principal advantage which results from higher 
temperature firing is exceedingly strong adhesion to the 
plate. 

The resistors are sprayed or painted through another 
stencil into their proper places or applied with a brush. 
The resistor paint consists of a conducting material such 
as powdered graphite, and an inert or nonconducting 
material such as mineralite or powdered mica. These 
materials are mixed with a binder to form a paste or 
heavy ink. The resistance may be varied by varying 
the amount of inert filler or suitably selecting the length. 
width, and thickness. After the resistor paint has been 
applied, the plate is placed in an oven at 300 deg. F. 
to cure the resistors so that their values will not change 
with use. A special resin coating is painted over the 
resistors to protect them against humidity and other 
effects. 

High-dielectric capacitors are then soldered in their 
proper positions on the ceramic, using low-temperature 
solder. For ordinary radio and electronic application, 
the capacitors are from } to 3 of an inch in diameter 
and less than 4/,9) of an inch thick. The new sub- 
miniature vacuum tubes complete the miniature sub- 
assembly. 


ECONOMY AND SIZE REDUCTION. 


Uniformity of production, reduction of assembly 
and inspection time, and reduction of line rejects make 
the electronic printing processes industrially attractive 
because large reductions in cost are possible. In present 
assembly line practices, wiring represents one of the 
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larger items of production cost. Wires must be cut P 


to length, bent into shape, and individually sidered 
or connected. As there are close to a hundred s dering 
operations in the average household radio set, ‘ie cost 
of labour and materials for soldering alone represents 
an important item. The new wiring processes should 
eliminate 30 to 60 per cent of the soldering needed for 
conventional circuits. A single operator on a production 
line could conceivably make thousands of printed circuit 
plates each day. 

In addition to increased economy of production, 
there are other important advantages to be gained from 
the use of these techniques. A properly designed printed 
circuit offers size reduction unobtainable by other means, 
Examples of equipment to which the principles might 
be directly adaptable include the manufacture of [-F 
strips for radar equipment, control circuits in pilotless 
aircraft, portable radio transmitters and receivers, hear- 
ing aids, electronic recording equipment, special re- 
search instruments and other subminiature electronic 
control devices. A proposed electronic “ memory” 
circuit embedded in a suitable plastic compound, small 
enough to be installed in the base of a regular cradle- 
type telephone and tough enough to withstand rough 
handling, would eliminate almost entirely the waiting 
period between dialing and completion of the circuit at 
the central telephone office. With such a system, the 
subscriber would dial his number before lifting the 
handset from the cradle, and the information stored in 
his set would be transmitted to the central office in 0'1 
second after the instrument is lifted. Thus the equip- 
ment of the central office would be tied up only !/,,,th 
as long as with the present system, and the subscriber’s 
call expedited. 

Plug-in subassemblies made with printed circuit 
techniques offer advantages not yet fully realized. Such 
subassemblies can be constructed as integrated units, 
small, compact, and ready to plug-in much like single 
radio tubes at present. These units also offer many 
maintenance advantages, factors important in rural and 
foreign markets. Principal units of a set can be removed 
wholly, tested, and replaced in the same manner as tubes 
are handled. Such units should be useful in areas 
where skilled repair men are not available and in military 
and other applications where it is necessary to do 
trouble shooting under difficult conditions. With all 
major subassemblies wired in plug-in fashion, the 
repair man can, if necessary, replace all the subassemblies 
in the set, taking the old units back to the laboratory 
for checking. In this way it would be possible to have 
several independent circuits—such as phonograph 
amplifier, A.M. receiver, F.M. receiver, and television 
set—all in a small cabinet. 


RELATED DEVELOPMENTS. 


Several related developments in electronics, as far as 
size reduction is concerned, make feasible a remarkable 
miniaturization of complete circuits. These include 
the development of subminiature tubes comparable to 
standard radio tubes and miniature capacitors and 
rectifiers. At the same time, the art of printing circulls 
has advanced to the point where complete circuits can 
be printed on cylinders surrounding a tube or on the 
tube envelope itself. Subminiature radio transmitters 
of these types have already been constructed by the 


National Bureau of Standards. A typical transmitter, 


designed to operate in the VHF band and capable o! 
tension to the UHF, employed coils painted on the tube 
envelope with silver ink, a 47,000-ohm grid leak added 
with graphite paint, and a 7°5 micromicrofarad ceramic 
capacitor connecting the plate and grid coils. The 
entire transmitter is no larger than a small lipstick case ; 
a tiny microphone and battery complete the unit 
Finally, the development of special casting resins per 
mits the potting of entire electronic assemblies in light, 
rugged units highly resistant to atmospheric conditions. 
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Measuring in the Workshop 


By P. LEINWEBER. (From Die Technik, Vol. 2, No. 1, January, 1947, pp. 1-6, 11 illustrations.) 


An important contribution towards resterting of pro- 
duction effort is an organization for the control of work- 
shop measurements. The most important necessity is 
the acquisition of new or reconditioned machine tools, 
jigs, fixtures and gauges. Since they cannot be bought 
from outside suppliers, they must be produced locally. 
For this purpose workshop capacity must be allocated 
for manufacturing and reconditioning purposes, and 
this is especially essential for numerous plants in Berlin. 

This article deals with the question : How can the 
activity of a factory be restarted without dial gauges, 
gauge blocks, gauge grinding, and thread grinding mach- 
ines and lapping equipment ? Presuming that jig boring 
machines, profile grinders and measuring equipment in 
rooms having controlled temperatures are no longer 
available, one must return to the methods employed, 
when the benefits of modern equipment were not 
available. 

Three requirements are necessary fer a rational and 
logical rebuilding of a system of measurement control : 

(1) Do not work to tolerances closer than necessary ; 

(2) Standardise methods and parts as much as pos- 

sible ; 

(3) Reduce the need for accurate measuring as much 

as possible. 

It is necessary that drawings should set the widest 
possible tolerances within which component parts can be 
useful, and for the designer to resist the inclination to 
request smaller limits of accuracy. To do this, careful 
considerations, calculations, empirical data, and even 
simple workshop tests can be well worth while, if the 
resulting work does not then require the most accurate 
measuring and gauging before passing into trouble-free 
service. Machines at present available cannot be used 
for precision work comparable with that of former 
times, because of the damage sustained from bombing 
which cannot be offset by the means for recondition- 
ing plants. ‘Tolerances to the widest limits permissible 
will make production etforts more easily possible in 
workshops and allow for planning and estimating for 
work to be done under conditions encouraging reliability 
of results. 

If at the design stage small tolerances appear un- 

avoidable, the question whether redesigning is possible 
to allow wider tolerances should be gone into’. 
Drawings should be discussed with the planning and 
inspection departments to ensure that it offers the best 
facilities for trouble-free production. 
_ Standardisation is effective with regard to measur- 
ing and if, for example, Standard Diameters to DIN 3? 
and tolerances of the ISA-system® are used, the 
gauges for these standard dimensions can be employed 
for any multiple number of different products. Designs 
allowing for the use of commercial sized gauges will 
increase the demand for such gauges and thereby facili- 
tate their production and low cost. On the other hand, 
if they are shaped to allow for very simple gauging, the 
demand for gauges and the cost of their production is 
correspondingly reduced. 

__In present times the supply of measuring devices is 
difficult to obtain and special or unusual sizes should not 
be required if certain suitable sizes are more easily 
obtainable. 


1. Numerous examples are contained in the author’s book: 
Passung und Gestaltung (Limits and Designs) (Chap. 4), Berlin, 
Springer-Verlag. New edition in preparation. 

2. Long established German standard based on the preferred 
number system (Ed. E.D.). 

3._ ISA=International Federation of the National Standards 
Associations ; ISA has established a very detailed system of toler- 
ED) for countries using the metric system of measurement (Ed. 
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Rebuilding a facility for production provides an 
opportunity for standardising, and designers should not 
be free to employ difficult dimensions, screw threads 
and limits while simple standards can be resorted to. 
Therefore, such standards should be pre-determined, 
and no exceptions should be allowed for use unless they 
are necessary and authorised by the chief production 
authority. 

Single components or groups of components can be 
standardised in works as well as by nationa: authority, 
and if this is extended to cover the external dimensions 
of dial gauges and sensitive feeler gauges as well as 
gauge holders, blocks, clamps, base plates, etc., the 
facility would be very helpful. 

The suggestion to measure as little as possible 
appears simple, but it is more economical to survey 
production as it progresses, than to check every dimen- 
sion provided with limits on each finished workpiece. 
If we measure accurately each 50th or 100th part when 
it comes from the press or automatic lathe, and if we 
observe how the wear of the tool or other phenomena 
influence the actual dimensions, so that they move 
towards the limit of tolerance, the following advantages 
will be obtained: 

(a) The dimensions of every part need not be 
checked. When the tolerance range is exceeded, only 
the last, say 50 or 100, parts need to be individually 
checked. Thus the use and wear of gauges will be 
reduced. 

(b) A continual survey of the condition of the plant 
is assured and measures can be taken, at the right time, 
to eliminate sources of defects. 


—> Frequsecy 


T 
Dimensions 
(a) (b) (c) 


Fig. 1. Frequency distribution of the parts produced showing 
the relationship between the extent of the range of 
tolerances T, and the kind of production process used. 

(a) tolerance too small scattering too large ; 

(b) tolerance too large in relation to the scattering ; range of 
tolerances not utilised. 

(c) tolerances and production process in harmony. 


(c) It can be ascertained whether the equipment is 
suitable to produce the required tolerances (see Fig. 1). 

(d) The distribution of tolerance frequencies shows 
up any harmful influence on dimensional accuracy and 
the cause can be found and eliminated. This leads to 
a progressive improvement in production methods and 
equipment (see Fig. 2). 


Fig. 2. Frequency distribution 

with two pronounced peaks. 

They may result from a displace- 

ment of the machine tool or of 

the tool during the production 
of the batch. 


Dimensions ——> 


(e) After supervision of production in this way for 
a period it can be decided whether the number of 
parts measured can be further reduced because experi- 
ence obtains a better knowledge of the relationships 
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between workpiece, :nachine and tool ; simultaneously, 
the certainty of producing workpieces of correct dimen- 
sions is increased. 

When using such methods‘ gauges can become 
superfluous in many cases. 

For accurate hole spacings gauges are not necessary 
if the holes are produced with the aid of a well made 
drill jig. The control check consists in measuring 
samples at regular intervals, but’ not the fixture. The 
hole spacings are not only influenced by the jig, but 
also by its relation with the tool and machine, by the 
clearance between the drill and drill bush, the position 
of the machine table perpendicular to the drill press 
spindle, by the maintenance of the drill spindle bearings, 
the chip removal, etc. The samples can be checked by 
commercial gauges and the longer time for this compared 
with measuring by special gauges is not of importance 
for relatively small numbers of samples. 

The accuracy of a drill jig is usually within */, of the 
tolerance of the workpiece, and the accuracy of a centre 
distance gauge is about '/,, or not more than !/, of the 
tolerance shown on the drawings. A coarser tolerance 
in a jig can be achieved without a jig borer, but such 
a machine is probably necessary for the production of a 
centre distance gauge. 

The determination of actual dimensions for statisti- 
cal production control generally requires a more ex- 
pensive measuring instrument than the measuring for 
the checking of tolerance limits ; on the other hand 
such instruments are more universally useful. 

In the following, some of the most important measur- 
ing instruments and processes are discussed and some 
hints are given how to use them. 

Gauge blocks are nearly indispensable as the basis for 
a workshop measuring system. At present, however, it is 
difficult to assess the accuracy of gauge blocks offered on 
the German market. High mirror finish is not a true 
sign of accuracy and good quality of material. There 
are new gauge blocks which do not possess truly flat 
surfaces, also they may have been worn and recondi- 
tioned during which their dimensional accuracy has 
become impaired. If good fine-measuring instruments 
with holders attached are available, it is possible to 
obtain at least a close approximation of dimensional 
accuracy, even if oniy a small part of the total measuring 
range is used. Dial gauges, even those with graduations 
down to 0:001 mm. (0°00004 in.) are not suitable for 
checking gauge blocks. 

For a modest or gradual approach to the employment 
of a measuring system, it is necessary to turn to funda- 
mentals and work in a manner more suitable for a 
laboratory than a machine shop. For example, if a 
measurement has to be made several times, the results 
must be evaluated carefully, the influence of tempera- 
ture and of elastic deformation due to measuring force 
must be considered and corrections must be obtained 
by calculations or from experience. 

The lack of gauge blocks during recent times has 
faced many production executives with the question 
whether they could not produce gauge blocks themselves. 
This has in fact been done and quite considerable de- 
velopment costs have been expended and experiences 
have been obtained, which have given information pre- 
viously known to specialist manufacturers only. It is 
not advisable to experiment on these lines, however, 
because tolerances of + 0°2 micron of exactly parallel 
and geometrically flat planes represent three difficult 
requirements which should not be underrated. The 
question is whether the quality of gauge blocks class I. 
DIN 861° is necessary throughout. According to 
practical requirements distinction can ve made between: 

1. Gauge blocks for the production and testing of 
gauges for determining most accurately the dimensions of 


4. These methods are known in this-country and America 


under the name of “‘ Quality Control.” (Ed. E.D.). 
5. German Standard for gauge blocks. 
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special tools and for adjusting and testing purts of 
measuring instruments. 

(2) Gauge blocks for the setting of machine tools, 
stops for tool holders and for marking out and rough 
measuring jobs. 

In the second group tolerances of one or more inicron 
can be allowed and, using a suitable surface grinder, 
measuring blocks may be produced for such cases. An 
oil hardening steel with about 1:5 per cent Cr. and very 
small traces of P. and S. can be used for those, but 
Ni-contents offer no advantage. After hardening, the 
steel is annealed once or more times at 160 deg. C. up 
to a maximum of 180 deg. C. and artificially aged. 

If Standard Diameters (DIN 3) are used for these 
‘* measuring blocks ” and the series is still more finely 
subdivided, a range of blocks suitable for many purposes 
is possible. They can be used singly or together, but 
cannot replace “‘ gauge blocks” for accurate measure- 
ments. 

Plug gauges. A series of very finely stepped cylindrical 
plug gauges are equally valuable. They can be used 
with gauge blocks for various problems of gauging, ic, 
testing of holes and centre distances, etc., and small 
plugs may be used in place of measuring wires for the 
measurement of threads. Plug gauges can be made of 
the same steel as used for measuring blocks, hardened 
and aged, and ground on the best circular grinder 
available. The measuring surfaces of the plugs should 
be lapped with simple lapping tools which can easily 
be produced for this purpose. If a continuous series 
of plugs has to be produced, the lapping tool can be 
reground for the next diameter and thus utilized very 
economically. Lapping is recommended owing to the 
high precision finish of this process. A cylindrical plug 
can be ground as well as lapped and measured more 
easily than gauge blocks and can be produced to satisfy 
the three requirements mentioned above. Other basic 
measuring equipment necessary includes parallel blocks, 
adjusting plates of cast-iron or steel, the usual additional 
parts for gauge blocks such as holders, pointers, prismatic 
blocks of various kinds and sizes, grooved tables, an 
illuminated box with ground glass, and universal angle 
measuring devices. Also every opportunity should be 
taken to obtain optical and fine measuring instruments. 

Limit Plug Gauges and Snap Gauges. In large work- 
shops the use of the aforementioned cylindrical plugs 
cannot be recommended for checking holes but they can 
be used as an emergency measure only. As soon 
as possible the necessary limit gauges should be made 
available to avoid spoiling the use of plug gauges for the 
gauge shop. 

Limit plug gauges with multiple measuring faces 
reduce measuring time, but are not suitable for blind 
holes, and if parts with blind holes frequently occur, it 
is necessary to use individual gauge pieces. A pilot end’ 
(Fig. 3) is recommended ; it should be 10 to 20 
micron smaller in diameter than the measuring face 
of the plug. For improved usefulness it is further 
recommended that the diameters of the plus-side are 
made reversible. 

Fig. 4 shows the design of a snap gauge made of rolled 
steel bars. The measuring faces are one behind the 


st || | J {|| 
Tine eC] 


Fig. 3. Plug gauges with piloted ends for facilitating the intro- 
duction into holes when measuring within small tolerances 
prevent jamming. 


























6. Piloted front pieces for gauges of this type are protected by 
Letters Patent in England by the Pilot Plug Gauge Co., Ltd., 9 
Warwick Avenue, Coventry. 
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other and a plastic knob is used for heat insulation. The 
measuring faces need lapping only if very small tolerances 
are to be checked. Above tolerances IT 8 and IT 97 
grinding by means of a double-sided cup wheel is 
sufficient. A snap gauge grinder is not absolutely 
necessary for this purpose, and the job can be done quite 
well on an ordinary grinding machine with a simple 
home-made fixture. 


Fig. 4. Snap gauge, made from a disk cut from a cylindrical 


r. 


A lower quality of surface finish on gauges than is 
customary from gauge makers can be accepted, and, as 
an example, the snap gauge (Fig. 4) is ground on the 
face only by a cup wheel. More important than 
appearance is the requirement for the width of the 
measuring face to be up to standard. Simple snap 
gauges can be cut from sheet steel of gauge quality, but 
in this case a greater loss of material and higher costs 
for cutting and machining result, compared with the 
saving of material when cutting it from bar. When 
forged snap gauges become available again the new 
cross-sections of greater bending strength developed 
during recent years® should be used. 

Thread gauges. The scarcity or the total lack of 
commercial thread gauges and the necessity to use home- 
made thread-measuring instruments, causes special 
difficulties. The lack of thread cutting tools, such as 
dies and taps, may be mentioned in this connection. 
The question is, whether all threads or only a percentage 
of the threads or workpieces must be checked. [If it is 
only necessary to check one thread in every hundred 
of a production a soft thread gauge is good enough for 
female threads. This can be machined on a lathe, 
having a good lead screw, using a carefully ground and 
adjusted tool. The portion of the lead screw, which 
is rarely used, should be employed in such cases because 
ithas the smallest pitch errors. Carbon steel, German 
Standard St C 45°61 or St C 60°61° is suitable material 
and it must be carefully heat treated. 

Measuring the thread is by the three wire method 
and with the aid of a test chart. This method can also 
be used as a makeshift testing method for samples of 
male threads. If the necessary auxiliary means and 
data are lacking a good micrometer or a fine measuring 
device on a pillar may be used, and the corresponding 
measuring heads or anvils can be home-made. In this 
case adjustment can be by using a master thread, the 
dimensions of which must be previously known. The 
hardened cone point can be finish-machined on a 
circular grinder. The V-shaped anvil, which can 
tevolve, is producible on a surface grinder using a 
carefully trued grinding wheel and a small fixture. 


" 7. The tolerance of IT9 for a diameter of 1 in. is 52 micron 
z = in.) and that for IT8 for the same diameter 33 micron (0-0013 


8. No reference to this work is given. (Ed. E.D.) 
én St C 45-61 and St C 60°61 are German standard steels 
. the following qualities: St C 45-61 (0-45 per cent C.) tensile 
ra annealed 60 to 70 kg/sq. mm. tempered 65-75 kg/sq. mm. 
tC 60-61 (0:60 per cent C.) annealed 70-85 kg/sq. mm., tem- 
Pered 75-90 kg/sq. mm. (Ed. E.D.) 
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Thread measuring rollers can also be produced in the 
factory, but only the use of straddle mounted rollers is 
recommended. If need be threaded plugs can be made 
of mild steel for adjustment purposes, but they must 
be accurately cut. ‘ 

To satisfy a larger demand for hardened thread 
gauges, if no supply from outside is possible the building 
up of a thread grinding ability should be considered, 
utilising a lathe or a circular grinder in good repair. 
In using the lathe the lead should be taken from a 
sufficiently accurate part of the lead screw, presuming, 
of course, that the gears and lay shaft have been found 
or made sufficiently accurate. Otherwise, thought may 
be given to using a thread guide, which may, however, 
be difficult to produce. An advantage of a circular 
grinder is its well-supported grinding spindle and 
accurately guided table. 

A good knowledge of the fundamentals of thread 
measuring technique is essential including the relation- 
ship between flank diameter pitch and profile angle. 
This was not so important when gauges were bought 
from gauge makers; but now one has to know what is 
being carefully measured, and what can be more or less 
neglected. It is in some instances necessary to know 
and to draw the necessary conclusions from the fact 
that in testing a male thread by means of a snap gauge 
the pitch errors are not included in the tests for plus 
dimensions, and that for minus dimensions the pitch 
and profile angle errors are excluded owing to the 
restriction of measurement to one or only a few threads 
at a time and to possible reductions of flank length. 
These errors are automatically considered with correct 
limit testing carried out to Taylor’s rule. 

The lack of optical means for gauge testing and the 
absence of measuring wires is one of the greatest 
obstacles. Such equipment is difficult to build up as 
special demands are made for the precision of optical 
measuring equipment. The optical properties are very 
important and before using a made up projector it 
should be very carefully tested, and this applies also to 
microscope lens systems, which by chance may be 
available. The production of useful measuring wires 
is also very difficult ; it has been tried in various work- 
shops, but with varying success. 





Fig. 5. Simple gauge with 

tolerance marks for measur- 

ing the depth of a hole. 

Such gauges can often re- 

place a depth indicator with 
dial gauge. 
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Fig. 6. Lapping fix- 
ture for profile gauges. 
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Fig. 7 (left). Complicated shape of a regu- 
lating cam. The profile gauge is difficul: 
to produce. 


ee 


Fig. 8 (right). The shape of the cam can 
be simplified without interfering with its 
function and composed of simple com- 
ponents which can be accurately produce. 





Fine measuring indicators and dial gauges. Some 
factories are already producing fine measuring indica- 
tors, but these supplies are not yet sufficient for the 
demand of shops restarting production. Therefore, for 
special gauges a simple pointer with single or double 
reduction and corresponding graduations may have to 
be used again, although such devices were abandoned 
long ago when cheap and more reliable commercial 
instruments came into use. The supposition for the 
revival of use of the simple pointer is based on the 
adoption of a relatively coarse tolerance for the dimen- 
sions of workpieces. The errors possible in the de- 
sign of lever mechanisms for measuring instruments 
have also been investigated by the author! in this 
connection, but fine measuring indicators graduated 
down to 1 micron can hardly be replaced by less accurate 
devices. For the production of precision instruments 
not only expensive equipment, but also special experi- 
ence and controlled measuring means are required. 


Simple depth gauges (Fig. 5), for instance, can be 
used down to tolerances of about 100 micron, and 
some types even down to tolerances of 50 micron. 
For smaller tolerances the measuring accuracy of these 
instruments is not good enough. 


Special gauges. Form gauges have to be produced 
again without the help of an optical profile grinder, and 
for this purpose Fig. 6 shows an idea for a simple lapping 
device. In this case cast iron bars are used for lapping 
and are a by the two end profiles so that the 
measuring plane can be made sufficiently rectangular and 
straight even by semi-skilled workers. To employ this 
method it is assumed that a number of equal profiled 
pieces is required, because otherwise the extra costs of 
the jig would not be covered ; but a similar device can 
also be designed for more universal use wherein only 
the guiding profiles need be changed. 


The design of special gauges will depend very much 
on the equipment available in any particular workshop, 
whereas in former times a completely equipped gauge 
shop could cater for almost every job. This make-shift 
principle can be further extended, and workpieces 
should be so designed that only gauges which are abso- 
lutely necessary need be produced by means available. 
Figs. 7 and 8 illustrate examples. To avoid a necessity 
for a jig borer, bushes can be clamped to the plate to be 
drilled after they have them adjusted by means of gauge 
blocks,—a method used in former times (Fig. 9.) 


The old method of drilling smaller holes first, before 
determining the correct centre distance and then en- 
larging and correcting the holes by filing and reaming 
as illustrated by Fig. 10, cannot be recommended. If 


10. LEINWEBER: Toleranzen und Lehren, Berlin, Springer- 
Verlag. (New edition in preparation.) 
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Work-piece 
(Fixture component) 








Fig. 9. Accurate production of centre distances in a plate 

by of clamped-on boring bushes. The bushes are 

adjusted by gauge blocks abutting against the accurately- 
ground external diameters. 





Gauge blocks 
Plug Gauges 





3 if 
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Work-piece 
(Fixture component ) 


Fig. 10. Measuring centre distances by means of plugs and 
gauge blocks. 


such jobs frequently occur a cross slide table with 4 
measuring screw should be provided for use together 
with fine measuring indicators, etc. The necessary 
adjustable boring tool is easily designed and made, and, 
to become independent of the bearings of the drill 
spindle, the tool should be held as closely as possible 
above the table. 

When checking centre distances (Fig. 10) the dimen- 
sion “‘ b ” should be determined so that the average 0! 
“a” and “b” can be calculated to reduce the possi- 
bility of error due to clearance and slight inclination 0! 
the plugs. 

Because maintenance is better than repair all measu!- 
ing means used in production should be periodically 
withdrawn and checked. This measure is at first often 
considered as additional expense, but has proved ¢X 
tremely economical in the long run. 
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New Full and Semi-Automatic Welding Machines 


By P. SevBo and V. Paton. (From a Booklet of the Institute of Electro-Welding, Ukrainian Academy of Sciences, 
1946, 32 pages, 20 illustrations.) 


A CRITICAL survey, in 1942, of existing welding 
machinery, with a comprehensive analysis of the 
principles of their design and construction, and practical 
tests of their performances, led to a revision and re- 
consideration of the basic requirements for the sound 
construction of such machines which may be sum- 
marized as follows :— 

(1) A complete arc-welding machine should be 
comprised in a fully automatic self-contained unit and 
have only one drive for working and aligning longitud- 
jnal and transverse movements for welding and for 
feeding the electrode and flux apparatus. 

(2) The extreme simplification of the unit and its 
numerous elements is made imperative by the number 
of such elements, and the complexity of their individual 
duties. Otherwise the sensitivity of the whole machine 
may defeat its purpose, viz., that of assuring a 
continuously high performance. 

(3) The maximum of standardisation of the com- 
ponents, to enable series production and convenience 
of operation (by interchangeability of the parts, etc.). 

Systematic work on these lines, between 1942 and 
1945, led to the eventual development of three types 
known as :— 

(1) the combined welding automat UWA-2 ; 

(2) the welding tractor TS-6, and 

(3) the welding semi-automat TS-8. 

The first two of these are not only made in produc- 
tion quantities, but are widely used in Soviet industry, 
whilst the last-named is still in the experimental stage. 


THE COMBINED WELDING AUTOMAT UWA-2 


This machine is produced in two forms, either for 
self-propulsion along a rail-track, or stationary, i.e., 
immovably fixed on a slide, or on the bed of the 
machine. In the stationary form, the working move- 
ment is realized either by the travel of the slide with 
the automat fixed on to it, or by moving the work under 
the automat. 

In both forms, the automat is comprised by the 
following components :— 

(1) The mechanism feeding the electrode wire 
into the welding zone. 

(2) The nozzle, i.e., the welding unit and regulator 
combined. 

(3) The holder of the electrode wire, i.e., the 
device carrying the coil of wire and enabling it to reel 
off freely into the zone of fusion by the arc. 

(4) The flux apparatus, supplying the flux to the 
arc and removing that which is not consumed by the arc. 

(5) The upper roller .which is the adjustable upper 
support of the automat. 

_(6) The self-propulsion means, i.e., the mechanism 
driving the wheels by which the automat travels along 
the rails. 

The mechanism of self-propulsion is easily de- 
mountable, and its presence forms the only difference 
between the self-propelling and the stationary form of 
the automat. In all other features they are identical. 

_ Originally the stationary automats were fitted with 
4 jointed suspension to secure them to the machine bed, 
but during development it was found more appropriate 
to fit the machine beds with independent suspensions 
for the automats. 

The main characteristics of the combined welding 
automat UWA-2 by which it is distinguished from 
other systems of welding machines, are as follows :— 

I. Winding of the wire inside the coil, and not 
Outside as is the usual practice. This allows the 
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automat to be positioned inside the coil of electrode 
wire, thereby materially reducing its bulk. 

II. Use of a large capacity flux apparatus, providing 
for uninterrupted circulation of the flux during the 
welding process. 

III. Arrangement of all the elements of the automat 
inside the cast body of the flux apparatus. 

The characteristics of the operation of the UWA-2 
are :— 

(1) The feed rate is controlled by a two-speed 
gearbox, and changeable feed rollers, within limits 
of 15 and 120 metres/hr. 

(2) The welding speed is adjustable by the change- 
speed gears of the self-propulsion mechanism from 
10 to 98 metres/hr. 

(3) The nozzle of the automat is fitted with 
mechanisms to obtain vertical and horizontal aligning 
movements of the electrode tip. 

The limits of these movements are: horizontally, 
230 mm. ; vertically, 200 mm. 

(4) Methods of welding: (a) Fully-automatic 
welding using template or jig, for which the nozzle is 
free to follow a guiding edge because its movement is 
independent of that of the body of the automat; (6) 
semi-automatic welding by guiding a controlling device, 
or control indicator, in which case a_ traversing 
mechanism is used. 

(5) The over-all dimensions of the automat are :— 

(a) Height from track level to the upper end of the 
automat, 620 mm. 

(6) Height from track level to work, 360 to 590 mm. 
(adjustable by means of vertical correction 
mechanism). 

(c) Length, 580 mm. 

(d) Wheel base, 455 mm. 

(e) Width from front to track, 360 mm. 

The supporting construction of the self-propelling 
automat consists of two girders (No. 6 to 12), rigidly 
connected by racks at distances of 450 mm. along the 
vertical with the lower girder advanced horizontally by 
60 mm. with respect to the upper girder. 

(7) The dead weight of the automat without flux 
and electrode wire is about 60 kg. 

The automat UWA-2 is of the constant feed rate 
type (in contrast to welding heads with variable feed 
rate, i.e., wherein feed rate is automatically adjusted to 
variable arc voltage during a welding operation). 
Power comes from a 100 watt, three-phase motor 
running at about 1480 r.p.m. and the drive mechanism 
is mounted in a cast-aluminium housing fastened to a 
vertical centre wall of the flux apparatus. From the 
motor to the feeding roller movement is transmitted 
either by a gear train consisting of worm and wheel 
speed reducer and three pairs of spur gears, or, depend- 
ing on the position of the controlling draw key, direct 
from the driven wheel of the first pair of spurs behind 
the reducer, and to the feeding roller. In the first 
alternative the transmission ratio of the train is 1:452, 
and the feed roller rotates at 3-5 r.p.m., in the second 
case the transmission ratio is 1:170, and the feed roller 
has a speed of 8-75 r.p.m. The diameters of the feed 
rollers necessary to give any desired rate of feed within 
the possible range are easily derived from tables, or 
from simple formule, and the feed mechanism can 
accommmodate feed roller diameters of 26 to 70 mm. 

The feed mechanism consists of the feed roller (11) 
keyed to shaft (1), and the loose roller (15), which is 
the contact roller pressing the electrode wire against the 
wedge-shaped groove of the feed roller (see Fig. 1). 
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The ioose roller is housed in a swivelling ring-shaped 
casing (16), which is spring-controlled, with a limited 
tension. When shifting the feed roller (to the second 
speed position), the position of the loose roller is 
adjusted accordingly by the action of a pinion (17) and 
nut (18), without change of the spring tension. The 
shift of the pinion is produced by turning the nut (18). 
The whole spring mechanism is inserted into the 
hollow horizontal journal of the nozzle. 

The nozzle assembly of the automat constitutes 
the welding unit which supplies current to the electrode 
wire, and carries the flux-distributing tubes as well as 
the copying device or the control indicator (Fig. 2) 
depending upon the particular kind of welding operation 
to be carried out. It consists of two racks, one external 
(19) and the other internal (20). The internal rack is 
current-carrying, and carries on its lower end the two 
contact shoes, (21) and (22). The shoe, (21), is rigidly 
fixed, while the other, (22), is controlled by a spring 
(23), which maintains the contact pressure. To facilitate 
the electrode charging operation the mobile contact 
shoe may be swung out by means of an eccentric (24). 
Both racks are positioned in the body (25), with which 
the nozzle may be swivelled about a horizontal joint. 
When welding with the control indicator in use, this 
swivelling is caused by a sector (26), actuated by worm 
and hand wheel (27). When jig welding, the sleeve 
securing the sector to the body of the nozzle is released, 
and the nozzle freely follows the jig guide. Both racks 
may be vertically displaced against the body of the 
nozzle, and this is necessary for the vertical adjustment 
of the electrode tip to reach varying levels for welding. 

The two racks also allow a 100 mm. regulation of 
the “‘ start,” i.e., from the contacts to the work, in- 
dependent of the position of the fluxing tubes. Vertical 
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adjustment is obtained by the racks in such a way that 
for general adjustment both racks are moved, but for 
regulating the “ start,” only the internal one is moved. 
In the latest models it is possible to dispense with the 
start regulation and provide simplified nozzles associated 
with one rack only. However, the improved nozzle 
design embodies the main features described. 

As already mentioned, one of the main characteristics 
of the automat UWA-2 is the unreeling of the electrode 
wire from inside the coil, and the location of the feed 
rollers in connection with this. The whole automat is 
encompassed by the wire coil, and the limit of compact- 
ness is thus achieved, whilst the field of application o! 
the machine is widened. 

The electrode holder is comprised by three pairs of 
loose rollers, on which the coil slides when unreeling 
(Fig. 3). The two upper pairs are immovably fixed to 
the cast aluminium body of the flux apparatus, and the 
bottom pair is attached to the body by a bolt. By 
loosening the bolt the rollers may be vertically displaced, 
thus providing for the adjustment of the holder to suit 
different diameters of the coil of electrode wire. The 
internal rollers are supported in ball-bearings, and the 
external rollers in plain bronze bearings. The pro- 
truding front ends of the pins are fitted with swivelling 
hooks and wing nuts, which are loosened during the 
insertion of the electrode wire. Apart from the three 
pairs of rollers mentioned, there is still a ball-bearing 
directing roller preventing the wire from being bent 
too much at the entrance to the feed mechanism. 

The flux-apparatus of the automat UWA-2 con- 
stitutes one of its most important and original features. 
It forms a compressed-air conveyor of the “ mixer 
type, operated by compressed air, taken from main 
compressed air lines. As mentioned above, the flux- 
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Drive of the automat UWA-2. 


Fig. 1. 


y that 
ut for 
10ved, 
th the 
ciated 
nozzle 


ristics 
ctrode 
e feed 
mat is 
npact- 
ion of 


airs of 
eeling 
xed to 
id the 
. By 
laced, 
tO suit 

The 
id the 
> pro- 
velling 
ig the 
- three 
earing 
x bent 


» con- 
atures. 
1ixer’ 

main 
flux- 


3 EST 







































































KUCH 

















pe Le 


apparatus works with uninterrupted circulation, i.e., all 
through the welding operation the flux is being dis- 
tributed through the distributing tubes (31) on to the 
weld in front of the arc, and sucked off the seam behind 
the arc at a distance of not less than 250 mm. (Fig. 4). 

The flux apparatus consists of : (1) a cast-aluminium 
container, which also forms the body of the automat ; 
(2) distributing tubes and a funnel with a slide, through 
which the flux is distributed on to the weld ; (3) suction 
pipes with a suction device ; (4) an injector with diffuser 
and nozzle, working from compressed air mains. The 
design of the fluxing apparatus is obvious from Fig. 4, 
which is self-explanatory. 

The principle of operation and the speed balance of 
the flux apparatus consists in that under the action of a 
jet of compressed air issuing from the nozzle (32) of the 
injector, a vacuum is created in the suction pipes, owing 
to which a mixture of flux and air is drawn in. The 
flow velocity in the induction part of the flux pipe (33) 
is slightly higher than the rate of collection of the flux 
(i., the velocity of the jet in which the particles of 
flux are suspended). In the injector chamber the 
indrawn flow of the mixture of air and flux is caught by 
the compressed air jet issuing from the nozzle (32). The 
flow Velocity then rises steeply. Passing the flattened 
out diffuser (36), the jet again loses its velocity and falls 
to the bottom of the container (35), at a rate exceeding 
by a little the rate of collection. A further sudden 
increase of the cross-section, and after this a deflection 
of the flow leads to the flux, having thus lost its velocity, 
freely falling to the bottom of the container, whilst the 
air escapes through the exhaust pipe (37). Regardless 
of the use of the mixing system, resulting in high flux 
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velocities in some parts of the flux circuit, there is only 
a very smail dispersion of the flux. Further advantages 
are to be seen in the comparatively low rate of wear of 
the walls of the flux tubes, in the small dimensions of 
the container, together with its use as the body of the 
automat, and a very low consumption of compressed 
air, owing to the favourable design of the injector, and 
the short length of the flux tubes. In fact, tests have 
shown that the air consumption, when compared with a 
conventional aspirating system, could be cut down to 
1/16th of the former value. 

The upper roller is an additional support of the 
automat in both its forms of construction. It constitutes 
a ball-bearing displaced with respect to the body of 
the automat. For horizontal adjustment the automat 
is rotated about its lower supports by varying the 
** start ” of the upper roller. For this purpose the roller 
is positioned on two tubes traversing the automat and 
capable of telescoping one inside another due to the 
turning of a handwheel and screw. 

The self-propulsion system consists of two runner 
wheels, by which the automat travels along its rail- 
track. One of the runner wheels is mounted on the 
body of the driving mechanism, and transmits the 
tractive force, while the other, mounted on the body of 
the flux apparatus, is a free-rolling wheel. Both wheel 
axles are supported in ball-bearings. The drive 
transmission from the motor is through a gear train 
consisting of a worm and wheel, two pairs of fixed- 
ratio spur gears, one pair of change gears, and a final 
pair of fixed-ratio gears. The engagement of this 
mechanism for self-propulsion is effected through a 
simple friction clutch, 
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In aligning the arc and the weld, the method followed 
depends on the kind of welding operation intended, and 
whether full or semi-automatic welding is desired. 
Fully automatic operation by a copying device can be 
applied to butt welds (single and double open joints), 
fillet welds (e.g., by tilted electrode), and continuous 
lap welds. The function of this method, ie., for 
template or jig welding, is that copying rollers preceding 
the arc along the joint of the weld in its gap automatically 
guide it along the weld. This is arranged in such a way 
that the copying rollers at deviations of the weld carry 
the nozzle to which they are connected which, for this 
operation, is free to swing about the body of the 
automat when the weld deviates. 

The second method, by a guiding, or controlling 
device, allows for the welder to direct the nozzle and 
arc along the weld by means of the transverse corrector, 
whilst reading his course from the position of the pointer 
of an indicator. This indicator is fixed on the dis- 
tributing tube of the nozzle. For the automat UWA-2 
two types of copying devices have been designed :— 

(1) For butt-welds, open or closed joints, and fillet 
welds. The characteristic features of which are three 
copying rollers, and that the whole contrivance is 
rotatable about the axis of the electrode. Both these 
features are necessary when welding seams not parallel 
to the rails of the automat or bed. The three rollers of 
this copying device, shown in Fig. 5, are free{to move 
up and down, under spring 
control, and this freedom of 
vertical movement is necessary 
to enable the choice of the ver- 
tical bend of the work to be ad- 
opted relative to the path, or | 
travel, of the automat, and BET | 
when the rollers pass over un- es) | 
even surfaces of the work. The | 





Fig. 5. Treble roller copying 
device of the UWA-2. 
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tube of the nozzle, about which it is free to rotate under 
the action of the worm mechanism. This freedom to 
rotate enables the primary transverse adjustment of the 
rollers of the copying device to be made relative to the 
electrode. 


(2) The second type of the copying device is for 


welding fillet welds with an inclined electrode. It 
consists of two rollers at right angles to each other, and 
at angles of 30 and 60 deg. respectively, to the vertical 
(see Fig. 6). The forks carrying the rollers are secured 
by means of the correcting mechanism, in analogy with 
the treble roller copying device, on the distributing 
tube of the nozzle. During the welding period the 
rollers move along the two edges of the gap of the joint 
and guide the electrode into the angle formed by the 
edges. During the working period the rollers are under 
the action of two forces: (a) spring force pressing the 
fork on to the work in the direction of the electrode 
axis, and (b) the force exerted by the weight which 
presses the roller of the copying device on to the 
vertical edge of the joint. 


For working with copying devices the automat is 


provided with special single-track nozzles, differing 
from those so far described because the rack is shortened, 
and the distributing tube itself carries the contact shoes. 


The control pointer is a needle eccentrically mounted 


in a sleeve, by the rotation of which the needle is 
adjusted relatively to the electrode axis. 
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Vertical movement is ‘‘ with the grain,” as the pivots of 
the bell-crank levers of the forks are arranged in front 
of the rollers carried by them. These forks, with the 
tollers, are between the two halves of the body which 
turns frecly about the cylindrical housing of the funnel 
Which d’stributes the flux concentrically about the 
tlectrode. The funnel is mounted on the distributing 
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WELDING TRACTOR TS-6. 


The name ‘“ welding tractor” is in- 
tended to cover a mobile welding automat 
moving directly over the work along the 
weld, orl along a rail put down on the 
work. The tractor TS-6 was originally 
designed for the exclusive purpose of 
welding long butt welds of gasholders 
for the gas pipe-line Saratov-Moscow. 
Later on, a wider field of application 
was found for it, and now it is used for 
welding the continuous longitudinal and 


circumferential welds of bulky work which is too large 
to be worked on welding machines of the bed-type 
(Fig. 7). 


Depending upon the orientation of the tractor to the 


weld, the machine is produced in three different forms :— 


(1) For welding along the joint of the weld. In 


which case, the tapering runner wheels of the tractor 
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Fig. 6. Copying device for 
inclined-electrode welding of 
the UWA-2. 


constitute an ideal copying device, running in 
the gap for the weld and so automatically 
guiding the arc along the joint. In this model 
wheels and nozzle are arranged in one plane, 
and placed at the front of the tractor. 

(2) For welding by directional rail. In 
this case the tractor moves on its runner 
wheels, provided with wedge-shaped grooves, 
on a directingfrail. The rail is put down on 
the ,work¥parallel to the seam. The exact 


Fig. 7. Assembly 
of the tractor 
TS 6. 














alignment of the arc along the weld is ob- 
tained by the control indicator, and with the 
aid of the transverse corrector. The runner 
wheels of the tractor in this form are placed 
at the rear of the tractor. 

(3) For welding directly along the work. 
In this case the tractor moves on rubber- 
tyred wheels directly on the work surface. 
The accurate alignment of the arc with 
the“weld'is determined by a control indicator, 
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Fig. 8. 
Head of the tractor TS-6. 




































by a transverse corrector, or by hand. The tyred wheels 
ensure smooth running of the tractor. As in the 
second form, the wheels are at the back of the tractor. 
The second and third forms are identical, except for 
the wheels, and differ from the first type by the wheel 
arrangement which is in front in that case, and by the 
method of directing the welding arc. When welding 
along a joint, the runner wheels move in front of the 
arc, the welder being behind the tractor, and the process 
being carried out ‘‘ away from the operator.” When 
welding by directional rail or directly along the work, 
the direction is kept by the control indicator in front of 
the arc. Therefore, in such cases, the arc moves in 
front of the runner wheels, which are at the rear and 
the welder must be in front of the tractor, so that the 
welding process is carried out “ towards the operator.” 

The characteristic features of the welding tractor 
are its simplicity and reliability, its small dimensions 
and its weight. It consists of the following elements :— 

(1) The mechanism transmitting the drive from the 
motor to the runner wheels and feed roller, respectively. 

(2) The head, carrying the feed rollers and the 
transverse corrector. 

(3) The nozzle or welding unit proper, i.e., current 
supply to the electrode wire. The nozzle of the tractor 
an with a flux funnel and a distributing tube for 

€ flux. 
; (4) The bogey roller, as a third, additional support 
lor the tractor, and 

(5) The holder of the electrode wire. 
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(a) The feed 
rate of the electrode wire may be varied by interchange- 
able feed rollers within limits of 50 and 80 metres/hr. (6) 
The welding velocity is variable by means of interchange- 
able rims of the runner wheels, within limits of 20 to 60 
metres/hr. when welding along a joint ; 15 to 46 metres 

hr. in welding with a directing rail, and 20 to 75 metres 


The characteristics of the tractor are : 


hr. when welding along the work. (c) Transverse correc- 
tion of the nozzle across the seam within limits of 

50 mm. (d) The tractor has a flux distributing 
funnel of 4-5 litres capacity. (e) The electrode wire 
holder is designed to take a coil of wire of 500 to 600 mm. 
internal diameter. (f) The tractor is driven by a single 
100 watt electric motor. (g) Dimensions are: height 
770 mm., wheelbase 320 mm., width 380 mm., length 
from holder 1050 mm. (h) Weight about 30 kg. 
(i) The joint to be worked on by the first type of 
tractor should have a gap depth of not less than 3 mm., 
and a bevel angle of not less than 60 deg. (k) The 
directing rail is an angle iron with a vertical web of not 
more than 18 mm. height, and it is provided with 
cross braces for reinforcement. Constructional details : 
the main mechanism is a speed reduction gear, 
transmitting the drive from the motor to the two 
driving wheels, and to the feed roller of the head. 
This is effected by a kinematic train consisting of two 
pairs of spur gears and a worm and wheel. In the low 
speed range the worm is threaded left-hand, single 
thread, and in the high speed range it is exchanged for 
a double-thread right-hand worm. Within either the 
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Fig. 9. 


low or high speed range the speed variations are ob- 
tained by changing the rims of the runner wheels. 

The head forms the movable part of the tractor and 
carries the feed and pressure rollers, apart from serving 
as the base on which the nozzle assembly is mounted 
(Fig. 8). For the transverse correction of the electrode 
the head together with the nozzle mounted on it may 
turn about its axis. This rotation is controlled by a 
worm mechanism with two hand wheels, as can be 
seen in Fig. 8. The drive is transmitted from the 
motor through the spur gears, and a worm and wheel. 
The worm is always a single start thread, but accords 
with the type of tractor, and its speed range respectively. 
The feed system, which is similar to that of the automat 
UWA-2, consists of a wedge-shaped feed roller and a 
flat profile pressure, or contact roller. The pressure 
force is produced by a spring acting on the bearing 
housing of the pressure roller. For inserting the 
electrode wire, the pressure roller may be swung away 
from the feed roller on an eccentric. For aligning the 
electrode wire as it unreels from the coil, the position 
of the pressure roller is vertically adjustable relative to 
the feed roller. This is made possible by swivelling 
the yoke, carrying the bearing housing of the pressure 
roller, about the axis of the feed roller. 

The nozzle consists of two bronze contact shoes 
(Fig. 9) and the flux-distributing funnel. The latter is 
stationary on the head flange. At the lower funnel end 
a ring and yoke are welded on, and positions the dis- 
tributing tube and slide. The regulation of the thickness 
of the flux layer is obtained by lifting and lowering the 
distributing tube in the ring. On the same ring the 
contact shoes and the pointer are fixed. The contact 
pressure is spring-controlled, within certain limits. 
The insertion of the electrode wire is facilitated by an 
eccentric movement separating the contact shoes. For 
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Nozzle of the tractor TS 6. 


maintaining a constant “ start ” of the nozzle independ- 
ent of the varying diameters of the runner wheels the 
contact shoes may be moved up and downfalong a slot 
in the ring on which they are fastened. The adjustment 
of the needle of the pointer into the plane of the electrode 
is carried out by turning the needle in its sleeve. The 
electrode wire holder is similar to that of the automat 
UWA-2, i.e., it consists of three pairs of rollers between 
which the wire slides. The rollers in this case are fixed 
on cross members, one of which is secured horizontally 
to the body of the main mechanism, while the other is 
vertical and may move up and down for the adjustment 
of the holder to the required coil diameter. 

THe WELDING SEMI-AUTOMAT TS-8 is a small 
contrivance born of the necessity to cater for welding 
tasks of a rapidly changing character arising in plants 
with a total output too small to warrant the heavy 
capital expenditure of a big-scale mechanization for 
welding work. Accordingly, the design of the TS-8 is 
based on the idea to mechanize only the two basic 
operations of electric arc welding, viz., the electrode 
feed and the movement of the arc along the weld. 
Every other requirement devolves on the welder. 
However, the improvements obtainable by using this 
cheap device are substantial, because the velocity o! 
welding is increased 2:5 to 3 times. Characteristic 
values of the feed rate are between 40 and 85 metres/hr., 
and of the welding velocity, between 50 and 10) 
metres/hr. The device is suitable for operation with either 
bar electrodes, or with wire from a reel fixed above the 
working point, and is driven by a 100 watt motor. The 
main feature is the inclined electrode, which enables 
the widest variety of welding work to be done, including 
butt, fillet, angular welds, and straight seams as well as 
seams of considerable curvature. The overall dimensions 
are small, being 390 by 420 by 170 mm. 
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BELGIUM 


E.M.F. Wave Harmonics in Alternators—Causes and 


Means of Elimination 


By J. LIsTRAY. 


(From Bulletin Scientifique de l’ Association des Ingénieurs de Montefiore, Vol. 59, September, 1946, 


pp. 383-418, 17 illustrations.) 
(Concluded from Fune issue.) 


Relations between the disturbing e.m.f. E, and the 
cage reaction. The cage reaction consists of a series 
of magnetic fields rotating at velocities + 2af.s/k 
relative to the rotor. The induced e.m.f.’s in the cage 
bars are determined as usual by the relatione = H.L.v, 
which on being applied to the rotating field of the k-th 
order and the bar with the abscissa x = 0, gives : 


21 « s 
ae (2 .r.COS w’t L.( 4 2af . — 
kh k 


Ang E.. fr*. ¥, 
- ste « COCO t 
k*h 
after a few simple transformations. 


It will be noted that the e.m.f.’s induced in the 
rotor bar have the frequency w’ of the disturbing force 
E, irrespective of the order k of the field harmonic or 
its direction of rotation. All these e.m.f.’s are in phase 
relative to each other, and have a lag of 90 degrees 
relative to the current in the bars. The amplitudes 
vary inversely as the square of the harmonic being 
considered. The effective value is 

A4mqLfr*Y, . I 
E.. = é ae rn 7.) 
R*h 

Denoting by L the self-induction leakage coefficient 
of a cage bar, as the current is already of a high fre- 
quency, the inductive leakage drop in a bar is large 
relative to the ohmic resistance drop. Disregarding 
the latter, Ohm’s law applied to one bar gives : 


E,= SBj,,+ 2qeLk.I .. «. @ 
k 











all the terms are effective values, as they all have a90 
deg. lag relative to the current, and they are thus in 


phase with regard to each other. Developing > Ex 
k 
gives the series > Ere = Esuy- Sy 


k 

with S = 1 -+- (R,/k,)? + (R,/ks)? + e .- (4 

This series converges fairly rapidly ; its sum can 
therefore be approximated by the sum of the first few 
terms. k,, . . . 5 Rp are the orders of the successive 
harmonics actually existing in the cage reaction. For 
instance, for r=5, and s=3, the actual field harmonics 
ae the 2nd, 3rd, 7th, Sth,..... (see Table II.), 
so that k, = 2, kg = 3, kg = 7, ky = 8, etc., and 
S =1 + (2/3)? + (2/7)? + (2/8)? +... = 1°71. 

The value of the current, obtained from equation (2) 
applied to the k,—th order, can then be put into equa- 
tion (3), which on taking account of (4) gives 





ie EB; 
Ex, = ———_———-__... ve WS) 
nL .kth 
E..2*.. ¥, 
and any other term is determined by the relation 
k, \? 
Evin _ Ey x, ) .. oe (6) 
ky, 


f Effe. of cage reaction on the stator. The rotating 
elds of the cage reaction have a velocity v,, relative to 
the rotor, but they are also rotated mechanically by the 


JULY, 1947 Volume 8, No. 7 


rotor at a velocity 2af. Therefore the velocity relative 
to the stator is 


Vex = Ure + af, 


or taking account of equation (1) 
s 
Usk - a (12 =) wa os C2) 
k 


where the -} sign is for a direct field, and the — sign 
for a reverse field. The e.m.f. induced in the stator 
by each term of the field reaction is determined as 
follows : 








Usk, 
Eyx, = Erx, - 
Urki 
or with (1), (5), and (7) : 
k, 
l+t— 
s 
Ey., = E,. ———————_ .. so 8) 
aL.kh 
i Y, 
and for the m-th term 
k, 
I+ — 
s k,\? 
Bum = Eo « —j.. (Y) 
aL .k ih Rp 
s+ ——_ 
Est ¥, 


the corresponding frequency being 


Usk k 
fa=Se-—= amaf (1 ~) -. (10) 
s 


Urk 


Total e.m.f.: In the stator the conductors are dis- 
tributed over m slots per pole per phase ; therefore 
the e.m.f.’s of the cage reaction which are induced in 
the conductors of two successive slots are dephased 
by an angle « = 27Y,/(b/k) = 27k/s. Thus in adding 
the e.m.f.’s of all the conductors of a same phase an 
overlap coefficient must be used : 
sin (mz k/s) 
K’ = —————__... ae @D 
m sin (7k/s) 


Finally, in a star-connected alternator the terminal 
voltage is obtained by multiplying the voltage of one 
winding by the factor : 


KR’ = Zesteke/s) .. ss &® 


The e.m.f.’s calculated above are not properly speaking 
harmonics of the fundamental voltage, as their frequency 
can be an integral or a fractional multiple of the funda- 
mental frequency. The amplitude of these e.m.f.’s is 
maximum when the conductor being considered passes 
under a pole, and is zero between the poles, when the 
fundamental e.m.f. is zero. These e.m.f.’s appear 
therefore in the form of beats which can be regarded 
as being due to a combination of voltages of nearly 
similar frequencies ; and these latter e.m.f.’s are the 
real voltage harmonics, and their frequencies owing to 
the symmetry of the total e.m.f. are odd multiples of 
the fundamental. 
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Special Cases. 


If s = r or a multiple of r, the 
slot pitch Y, of the rotor will be a multiple of that 
of the stator Y,, and all the bars of the damping 
cage will pass in front of a stator slot at the same in- 


stant. Then the induced e.m.f.’s in the cage bars will 
be in phase over like poles and in antiphase over unlike 
poles of the field system. In an incomplete cage con- 
sisting of bars separated from the main mass, no currents 
can be set up. Generally the ends of all the bars are 
connected to two complete rings, so that the currents 
which are in phase in all the bars of one pole, will be 
closed by the bars of the adjacent poles. The cage 
will thus produce a magnetomotive force of frequency 
2mqw which will generally be in the direction of the 
neutral line of the inductor poles. The theory pre- 
viously developed does not take account of this 
important effect. 

In a salient-pole machine it is difficult to calculate 
this cage reaction accurately because of the discontinui- 
ties of the air-gap. A turbo-alternator will therefore 
be used for this calculation, and a sinusoidal field flux 
will be assumed. The induced voltages and currents 
of the cage will then also have a sine-type distribution 
around the rotor, and the amplitude of the fundamental 
of the cage reaction willthen be _ 

H, = 4rIv/2/h. 

This alternating field is equivalent to two opposite 
fields of constant amplitude rotating at a velocity 2mqw 
(in the case of a two-pole machine) ; relative to the 
stator their velocities will therefore be (2mq -|- 1) w 
and (2mq—1), respectively. These fields are thus 
generated in the same way as the tooth ripples due to 
reluctance variations of the air-gap. Therefore the 
same distribution factors can be used, and the harmonics 
will have the same relative importance in the total e.m.f. 
of the machine as in a single conductor. The voltage- 
beats with a mean frequency 2mqw generated by these 
two harmonics of neighbouring frequencies will have 
an amplitude nearly equal to the sum of the individual 
amplitudes. 

The maximum amplitude of the beats induced in a 
stator conductor is given by : 


e Om 
Yi = 
7 Lh 
1+--° -—-_- 

a Peo 
where E, is the disturbing voltage, and as the denomina- 
tor is only slightly different from unity, the approximate 
relation is E,,= Eo m- 

Thus the condition that s is a multiple of r creates 
very favourable conditions for the production of har- 
monics in the e.m.f. curve of the alternator, and these 
harmonics have all the characteristics of tooth harmonics. 
This theoretical conclusion is fully confirmed by the 
practical example given later on. 

If s is not an integer, as the cage bars are generally 
evenly spaced under a pole, the e.m.f.’s in the bars will 
have an equal amplitude and be dephased by an equal 
angle ~, but the product r.q will no longer be a 
multiple of 27. These e.m.f.’s constitute therefore a 
non-symmetrical system. Resolving this system into 
symmetrical components generally gives r—1 symmetri- 
cal polyphase components and one homopolar system. 
The following paragraphs give a treatment of this 
problem. 

Effect of the symmetrical polyphase systems. The 
magnetic fields due to each of these systems can be 
analysed in the manner described above, taking, how- 
ever, account of the relative phases 2’ .27/r of the 
current vectors of the e.m.f. system considered ; 2’ is 
now an integer. 

For fractional values of s (see Fig. 14), for instance, 
when r = 3 and s = 3°5, the e.m.f.’s induced in the 
successive bars will have a phase lead of 60 deg. This 
non-symmetrical system can be resolved into symmetri- 
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cal components. Disregarding the phase-angles, the 
result is : a direct three-phase system E,/3, with 
vectors lagging by 120 deg., so that 2’ = 1 ; a reverse 
three-phase system 2E,/3 with vectors dephased by 
—120 deg., and 2’ = —1; and a homopolar system 
2E,/3. The rotating fields due to the currents corre- 
sponding to the first two systems are as follows : 


direct reverse 
3—phase system 3—phase system 
| ee | direct field reverse field 
e—3 0 0 
k= 5 reverse field direct field 
= 7 direct field reverse field 
k= 9 0 0 


Equations (1) to (12) can now be used, and these are 
valid for all cases, including fractional values of s. 

Effect of homopolar system. Since the vector sum 
of the e.m.f.’s induced in the cage cannot be zero, the 
homopolar component will exist in all cases ; by de- 
finition it represents equal e.m.f.’s of an equal phase in 
the r bars of a pole. It has already been shown (for 
the case when s = multiple of r) that the conditions 
of the system are particularly favourable for the produc- 
tion of e.m.f. harmonics ; therefore the use of a frac- 
tional value for s does not seem advisable, or if such a 
choice is made one should make sure that the homo- 
polar component of the non-symmetrical e.m.f. system 
will be considerably lower than E). 

Harmonics due to cage reaction can be most effec- 
tively avoided by skewing either the stator grooves or 
the bars of the damping cage. Alternative methods of 
eliminating the most important e.m.f. harmonics with- 
out using skewed arrangements are given in Table Ill. 
For practical work this table gives numerical values 
for three-phase star-connected alternators and dia- 
metrical pitch stator winding. The voltages are given 
for a unit value of the e.m.f., Ej, induced in the cage, 
and the frequencies are expressed in terms of the fre- 
quency f of the main voltage. There are four columns 
for each value of m and s. Column 1 gives the voltage 
induced in a conductor of the stator by the harmonic 
of the cage reaction which has the greatest effect ; 
column 2 gives the corresponding frequency. The 
values in column 3 are generally obtained by multi- 
plying the figures in the first column by the ratio 
K’K”/KK,. In this way the relative value of the 
e.m.f. between the various phases is obtained with 
regard to a main voltage of industrial frequency whose 
value is given in the first column. For instance, if 
m = 3,s = 5,r = 6, and f = 50 c/sec., and assuming 
E,= 20 per cent of the main voltage EF, then Table III 
will give : Column 1: the e.m.f. of a conductor of 
the stator, 1:1 per cent of E ; column 2: correspond- 
ing frequency, 21°6f = 1,080 c/sec. ; column 3: 
e.m.f. between phases 0°22 E, = 44 per cent E; 
column 4: corresponding frequency, 216 f 1,080 
c/sec. m, 
In some cases one of the coefficients K’ or K” of 
the voltage given in column 1 may be very small 
even equal to zero, so that in the voltage between t e 


THE ENGINEERS’ DIGEST 








cost w 
es 


comanure 


me oe 





16 


S me ee oe oe et © 


13] 0 
14} 0 














eS, the 
» With 
reverse 
sed by 
system 
corre- 


ystem 
field 


eld 
field 








TABLE III. 


E.M.F.’S INDUCED IN THE STATOR BY CAGE REACTION. 


‘THREE-PHASE STAR-CONNECTED ALTERNATOR ; 


DIAMETRICALLY WOUND STATOR. 










































































in one between in one between in one between in one between in one between 
conductor phases conductor phases | conductor phases conductor phases | conductor phases 
E,x | fx ox | fx oXIlf E.x | fx [EVx | fx E,* fx E, x 2 E,x | fx o™ f* E.x | fx 
m=2 m=3 
g=4 s=5 s=6 s=7 
s=3 
341 12 1 1 2 0-52 13-5 | 0-15 { 13-5 | 0-83 | 21-6 |] 0-17 | 21-69 1 | 18 1 18 0-60 | 15-4 0-12 | 15-4 
4] el 16 0°33 16 1 18 1 | 18 0-66 | 14-4 0-13 14-4 § 0°55 24 O-1l 36 0-94 | 20-5 | 0-19 | 20-5 
5]0-98 | 20 | 0-29 | 20 J 1-11 | 22-5 | 0-31 | 22-59 1 18 1 | 18 | 0-74} 15 | 0-009} 90 | 0-42 | 12-9 | 0-08 | 12-9 
6 | 0°83 | 24 0-99 24 1-05 | 27 0-13 | 54 1:10 | 21-6 | 0-22 | 21-69 1 } 18 1 18 0-79 | 15-4 0-16 | 15-4 
7} 0-71 | 28 0-21 28 0:94 | 31°5 | 0-27 | 31-5 | 1-08 | 25-2 | 0-22 | 25-2 § 1:10; 21 0-006) 126 | 1 
8 | 0-60 32 0-18 32 0°83 | 36 1 36 1-01 28-8 | 0-20 | 28-8 1:10 | 24 0-067; 72 1-09 | ‘5 | 0-22 | 20-5 
0:53 | 36 | 0-63 36 | 0-92 | 32-4 | 0-18 | 32-4 1-05 27 0-13 54 1-10 “1 | 0-22 | . 
10 0-83 | 36 1 36 0-98 30 0-098} 90 1-07 ‘7 | O-21 | 25- 
ll | | 0-90 | 33 0-045) 198 1-02 “3 | 0-20 3 
2 | 0-83 | 36 1 | 36 90-95 | 30-9 1 0-19 | 30-9 
s=4 m=4 
3 | 0-52 9 0-04 | 36 s=6 s=7 s=8 s=—9 
4] 1 12 1 12 
5] 1-10 15 0-02 | 60 J 0-74; 20 0-19 , 20 0-42 | 17-2 | 0-06 | 17-2 [0-73 | 30 0-014; 120 | 0-98 | 26°7 | 0-15 | 26°7 
6] 1:05 | 18 | 0-16) 36 1 24 1 | 24 0:79 | 20-6 | 0-12 | 20-6 J 0-53 | 18 | 0-040) 72 | 0-55 | 32 0-09 | 48 
710-94 | 21 0:07 | 84 1:10 | 28 0°29 | 28 1 | 24 1 | 24 0-82 | 21 0-003) 168 | 0-60 | 18-7 | 0-09 | 18-7 
sg] 0-83 | 24 | 0-99 | 24 J 1-10 | 32 0-17 | 32 1:09 | 27-4 | 0-16 | 27-491 |} 24 11 | 24 10-85 | 21-3 | 0-13 | 21-3 
9} 0-74 27 | 0-09 | 108 1:05 | 36 0-16 | 72 1:10 | 30-9 | 0-17 | 30-9 f 1-09 | 27 0-003} 216 1 24 1 24 
10 0-98 | 40 0-15 | 40 1-08 | 34:3 | 0-16 | 34° 1-11 30 0-021) 120 1-08 | 26-7 0-16 | 26-7 
i 0-90 | 44 0-24 | 44 1:02 | 37:7 | 0-15 | 37-71-09 | 33 | 0-015) 264 J 1-10 | 29-3 | 0-16 | 29-3 
12 | 0-83 | 48 1 | 48 0-95 | 41-2 | 0°14 | 41-2 § 1-05 | 36 0-16 72 1-10 | 32 0-16 | 32 
13 | | | | 0-89 | 44-6 | 0-13 | 44-6) 1 | 39 | 0-026) 312 | 1-06 | 34-7 | 0-16 | 34-7 
14 | | 0-33 | 48 1 | 48 0-94 2 0-071) 168 1-02 37-3 | O-15 | 37-3 
15 | 0-88 45 0-033) 360 0-98 | 40 0-15 | 40 
16 | 0-83 | 48 J 1 48 | 0-93 | 42-7 ] O-14 1 42-7 
m=5 
s=7 $= ¢=9 s=10 $= 33 
5 | 0-42 | 21-4 0-04 | 42-8 | 0-73 | 37-5 { 0:12 | 37°5 | 0-98 | 33-3 | 0-12 | 33-3 1 | 30 1 | 30 0-80 | 27°3 [ 0-10 { 27°3 
6] 0-79 | 25-7 | 0-21 | 25-7 F 0-52 | 22-5 | 0-09 | 22-5 | 0-55 | 40 O-1L | 60 0-84 | 36 0-025) 90 1 32-7 | 0-12 7 
743 30 1 30 0-82 | 26-2 | 0-18 | 26-2 | 0-60 | 23-4 | 0-07 23-4 7 0-38 | 21 0-011} 210 0-68 | 38-2 | 0-08 | 38-2 
8] 1:09 | 34-3 | 0°30 | 34-3 7 1 30 1 | 30 0-85 | 26-7 | 0-10 | 26:7] 0-66 | 24 0-018) 120 0-46 | 21:8 | 0-06 21°8 
9] 1:10 | 38-6 | 0-07 | 38-6 1-09 | 33-7 0-24 | 33-7 1 | 30 1 | 30 0:87 | 27 0-002} 270 0-70 | 24:5 | 0-08 | 24°5 
10] 1:08 | 42-8 | 0-10 | 42°8 1-11 37°5 | 0-19 | 37-5 1:08 | 33-3 ] 0-13 | 33-3 1 | 30 1 30 0-88 | 27-3 | O-11 | 27-3 
11] 1-02 | 47-1 | 0-10 | 47-1 1-09 | 41-2 | 0-10 | 41-2 J 1-10 | 36-7 | 0-13 | 36-7 | 1-07 33 | 0-001} 330 ! 30 1 | 30 
12] 0-95 | 51-4 | 0-06 | 51-4 J 1-05 0-16 | 90 1:10 | 40 0-13 | 40 1:10 | 36 | 0-011) 180 1-07 | 32:7 | 0-13 | 32-7 
13 | 0-89 | 55-7 | 0-25 | 55-7 1 7 | 0-09 | 48-7 1-06 | 43-3 |] 0-13 | 43-3 J 1-11 | 39 0-008) 390 1-10 | 35-4 0-13 35-4 
14] 0-83 | 60 1 60 0-54 5 | 0-16 | 52:5 1-02 | 46-7 | 0-12 46-7 1:08 | 42 0-029) 210 1-11 | 38-2 | 0-13 38-2 
15 0-88 2 | 0-20 | 56-2 f 0-98 | 50 0-12 | 50 1:04 | 45 | 0-16 | 90 1-08 | 40-8 | 0-13 | 40-8 
16 0-83 1 60 0-93 | 53-3] O-11 | 53-3 9 1 | 48 0-044) 240 1:06 | 43-6 | 0-13 | 43-6 
17 0-88 | 56-7 | 0-10 | 56-7] 0-96 | 51 | 0-022) 510 | 1-03 | 46-3 | 0-12 | 46-3 
18 0-83 | 60 1 | 60 0-92 | 54 | 0-055\ 270 10-99 | 49-1 | 0-12 | 49-1 
m=6 
s=9 s=10 s=}1 g= 12 s=33 
5} 0-98] 40 0-25; 40 1 36 1 | 36 0-80 | 32-7 | 0°08 0-48; 30 0-006; 180 } 0-68 | 34-6 | 0-07 | 34-6 
6] 0-55 | 48 | 0-11 72 | 0-84 | 43-2 | 0-14 | 43-2 J 1 39-3 | 0-10 1 36 | 1 | 36 | 0-85 | 27-7 | 0-08 7 
71} 0-60 | 28 0-08 | 28 0-42 | 50-4 | 0-04 | 25-2 | 0-68 | 45-8 | 0-07 0-90 42 0-005) 252 1-01 | 32:3 | 0-10 3 
8] 0-85 32 0-22 | 32 0-66 | 28-8 | 0-11 28-8 | 0°46 | 26-2 | 0-05 | 0°55 48 O-111 72 0:77 | 36-9 | 0-08 9 
9} 1 36 1 36 0-87 | 32-4 0-17 | 32-4 } 0-70 | 29-5 | 0-07 | 0°53 | 27 0-040) 108 0-45 | 41-6 | 0-05 | “6 
10 | 1-08 40 0:27 40 1 | 36 1 | 36 0°88 | 32-7 0-09 | 0:74 | 30 0-009} 180 0-58 | 23-1 0-06 | ‘1 
IL} 1:10 44 O15 44 1-07 | 39-6 | 0-21 | 39-69 1 | 36 1 0-90 33 0-001) 396 0°76 | 25-4 0-08 | 25-4 
12] 1-10 48 0-05 | 144 1:10 | 43-2 | 0-18 | 43-2 § 1-07 | 39-3 | O-11 1 36 1 | 36 § 0-91 | 27-7 | 0-09 | 27-7 
13] 1-06 52 0-09 52 1-11 | 46-8 | 0-13 | 46-8 1:10 | 42-6 | O-11 0-06 | 39 0-001) 468 1 30 1 
14] 1-02 56 | 0-09 56 1-08 | 50-4 | 0-07 | 50-4 P 1-11 | 45-8 | O-11 1:10 | 42 0-006} 252 1:06 | 32-3 | O-1l 2-3 
15 | 0°98 60 0-10 | 180 1-04 | 54 0-16 |108 1-08 | 49-1 | O-11 1-11 | 45 0-021} 180 1:09 | 34-6] O-11 “6 
16 0°93 64 0-12 64 1 57-6 | 0-06 | 57-6 1:06 | 52-3 | O-11 1-09 48 0-050) 144 1-10 | 36-9 | O-11 | 19 
17 | 0-88 68 0-22 68 0-96 | 61-2 |] O-11 | 61-2 1:03 | 55-6 | O-10 | 1-07 | 51 0-010} 612 1-10 | 39-2 | O-11 | “2 
'S | 0-83 72 1 72 0-92 | 64-8 J O-15 | 64-8 10-99 | 58-9 1 1-05 54 0-160! 108 1:08 | 41-6] O-11 | 6 




















phases, the main effect will be due to another harmonic 
of the cage’s field. In such cases columns 3 and 4 
indicate the relative magnitude and frequency of the 
phase voltage due to this other harmonic. 

The values calculated from these e.m.f.’s are maxi- 
mum values, because (1) the theory neglects cage 
resistance ; (2) the second term of the denominator 
in formule (9) and (13) has been neglected ; (3) the 
higher order components of the cage reaction are re- 
— by the Foucault currents induced in the lamina- 
ions, 


V. PRACTICAL EXAMPLES. 

1. Sinusoidal alternator of the Institut Montefiore. 
This alternator of approximately 3 kVA was built a 
few years ago according to the suggestions of Prof. 
Fourmarier and is designed to supply a very nearly 
sinusoidal voltage even at full load single phase. It 
embodies the following new features : (1) field har- 
monics : The cylindrical rotor has a symmetrical three- 
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phase winding with the d.c. supplied between one 
phase and the other two phases in parallel (as in a 
non-synchronous synchronized motor). The 5/6 wind- 
ing pitch particularly reduced the 5th and 7th order 
field harmonics, and the d.c. supply circuit adopted 
eliminates the 3rd order harmonics. The shortened 
pitch 7/9 was adopted for the stator, so that the 5th 
and 7th harmonics have distribution factors equal to 
0°174 and 0°766 respectively. (2) Harmonics of 
the armature reaction: When working on a single 
phase the reverse field must be cut down, and to achieve 
this a powerful damping cage with its conductors in 
the same slots as the inductor system was used. The 
reverse field is also reduced by the field winding itself, 
which is designed as a closed three-phase winding, 
irrespective of the impedance of the external d.c. 
circuit. (3) Tooth ripples and cage reaction: These 
have been reduced to extremely low values by appro- 
priately skewing the slots of the rotor relative to those 
of the stator. Fig. 15 shows two oscillograph record- 
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ings of the e.m.f. supplied by this alternator, under 
no-load (15a), and under full load (15-5) conditions. 
The recordings also give at a larger scale the residual 
harmonic of the corresponding voltage, obtained with 
the Delfis bridge method. 

2. Star-connected 110-volt alternator of 5 kVA. 
This alternator had semi-closed slots and a small air- 
gap, with three slots per pole per phase. Fig. 15 
gives an oscillogram of the voltage E, induced in a rotor 
bar for normal no-load excitation of the machine. The 
fundamental component of this curve has an effective 
value of 0°127 volt, and a frequency of 900 c/sec. 
The machine has the following features: Y, = 148 
mm., Y, = 13°6mm.,r=5. The central bar of the 
cage "is lacking as this place is taken up by the pole 
fixing bolts. From the above data it follows that s = 
=r.Y,/Y,= 46. The e.m.f. system induced in the 
rotor is therefore non-symmetrical and has a homopolar 
component 0°68 E, = 0°086 volt. According to the 
theory developed in this article, the e.m.f. induced in a 
conductor of the stator cannot exceed this value of 0°086 
volt or in this case 33 per cent of the main e.m.f. of 
the machine. The relative importance of these har- 
monics is the same in the total voltage of the alternator. 
However, owing to the effects previously discussed, it 
is probable that they will be reduced to some extent 
in actual practice; and in Figs. 16-b and 16-c 
(oscillograph recording of the voltage per phase and the 
combined voltage, respectively), the harmonics can be 
seen to have an amplitude of 21 per cent of that of 
the fundamental voltage. This value is still very con- 
siderable. The curves of Figs. 16-d and 16-e corre- 
spond to the two previous ones, but after the damping 
cage had been removed. The nearly complete dis- 
appearance of the harmonics proves that these were due 
to the presence of the cage. This example illustrates 
the unfavourable influence of the homopolar component 
of the induced cage e.m.f.’s. 

3. Use of a cage in an alternator. The star-con- 
nected three-phase alternator had two slots per pole 
per phase, and the laminated armature was initially 
without a damping cage. The rotor was subjected to 
a series of alterations, which are described below, and 
after each alteration, oscil- 
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rotation were milled in the pole shoes, in order to 
create a damping cage with the characteristics : r = 5, 
s=3,3 the voltage curves were thereby scarcely 
affected. 4, The bars numbers 1,3 and 5 were put in 
place and soldered to the short-circuit rings ; the 
grooves 2 and 4 remaining empty. This gave a cage 
corresponding to the values r = 3, and s = 3°6. The 
e.m.f. system induced in these three bars was then 
non-symmetrical, and had a large homopolar com- 
ponent, equal to 0:48 E,, with FE, = 20 per cent of 
the main e.m.f. EF (oscillogram of Fig. 9). Thus oscillo- 
grams 4 and 4’ should also show harmonics not exceed- 
ing 0°48 x 20 per cent = 9°6 per cent of the funda- 
mental. As usual the actual values were slightly below 
this figure. Owing to the presence of harmonics of the 
field system, it was not possible to obtain accurate 
measurements. 5. The cage was completed, and corre- 
sponded to the values s = 3, and r= 5. The voltage 
curve obtained (Fig. 17-5) although not perfect, is 
much more satisfactory than that of the previous case. 
The theory applied to this example shows that the 
cage reaction includes neg 2nd (direct) and 3rd (reverse) 
main harmonics. Only the 2nd order harmonic acts 
on the stator, inducing in it an e.m.f. with a frequency 
of 20f = 1,000 c/sec. This frequency is clearly 
visible in the oscillogram of Fig. 17-5 of the voltage 
in a conductor of the stator. However, the observed 
amplitudes are definitely lower than the maximum values 
given in Table III. This result is due to a rather con- 
siderable reduction of the corresponding rotating field 
by the Foucault currents induced in the laminations. 





lograph recordings were made 
of the voltage in a conductor 
and of the terminal voltage 
(Fig. 17). 

1. Before making altera- 
tions, the existence of tooth 


conductor 





ripples was visible (Fig. 17-1). 





2. The edges of the pole 
shoes were skewed so as 
to cover a pitch of the 
stator teeth (Fig. 17-2) ; 
the tooth ripples then prac- 
tically disappeared. 3. Groo- 
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